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EDITOR’S NOTE
The J . L. B. Smith Institute of Ichthyology was created in 1968 to 
replace the Departm ent of Ichthyology at Rhodes University. This (No. 
34) is a continuation of the series that began in 1956 and is the first 
bulletin to appear under the name of the new Institute.
Bulletins 1-20 have been reprinted in a single indexed volume. The 
second volume Bulletins 21-32 and index, should be available shortly. 
Volume 1 is available from the Institute.
COMPARATIVE OSTEOLOGY OF THE SHALLOW WATER CARDINAL FISHES [PERCIFORMES: APOGONIDAE] WITH REFERENCE TO THE SYSTEMATICSAND EVOLUTION OF THE FAMILY
BY
THOMAS H. FRASER
A B S T R A C T
The osteology and sw im  b ladders o f  the p erciform  fam ily  
Apogonidae are surveyed  at the generic level based  on the exa­
m in ation  o f  m ore than  150 sp ecies. Three su b fam ilies  are recog­
n ized—Epigoninae, Apogoninae and P seudam inae. The genera  
o f  Epigoninae are not treated. The C heilodipterinae and the  
Sipham inae are not recognized  as su b fam ilies  and the Synagropi- 
nae are rem oved  from  the A pogonidae to  the P ercichthyidae.
D escrip tion s o f  19 genera and 14 subgenera are given. Forty-three  
genera are p laced  in  syn onym y and three new  subgenera are 
proposed: Pristicon, Verulux and Zapogon. K eys to the three su b fam i­
lies  and to the recognized  genera and subgenera in  the A pogoninae 
and P seu dam in ae are p resented . D iscu ssio n s o f  the evolution  o f  
fun ction al bony u n its w ith in  the A pogonidae are linked  w ith  
trend s seen  in  the b eryciform -percoid  tran sition  and continuing  
changes exhibited  by liv in g  percoids. The evolution  and rela tion ­
sh ip s o f  the liv in g  genera in  the A pogoninae and P seu dam in ae are 
treated  and their zoogeography is  briefly  exam ined .
IN T R O D U C T IO N
In recent years through concerted study, ichthy­
ologists have begun to understand the intricate rela­
tionships within the Perciformes, largest and most 
conspicuous order of living fishes. Still, much uncer­
tainty exists about the fundam ental cohesion and 
origins of some suborders (e.g. Freihofer, 1963; 
Gosline, 1962, 1966a, 1968; Greenwood et al., 1966, 
Patterson, 1964, 1968; Rosen, 1964, Rosen and P at­
terson, 1969). Some of this uncertainty and lack of 
agreement among ichthyologists concerns the basal 
suborder Percoidei. The principal problems result 
from the large num ber of groups that, a t the family 
level, are differentiated on relatively slight morpholo­
gical data, coupled with poor understanding and 
interpretation of the numerous characters of possible 
phylogenetic significance. Suggestions of polyphyle- 
tism in the Percoidei have been made by Patterson 
(1964), rejected by Gosline (1966b) and partially 
withdrawn by Patterson (1968). A subsidiary, but 
vexing problem is the proliferation of families resulting 
from a regional approach, a special interest among 
ichthyologists, further complicated by the vast array 
and complex diversity of perciform fishes.
The numerous percoid families, genera and species 
preclude any quick solutions to problems plaguing 
perciform classification.
A fundam ental understanding of phyletic groups 
will result only from detailed studies of proposed 
natural groups. An im portant line of evidence in 
establishing natural groups can be attained in the 
study of osteology, with its comparative relationship 
to fossil material. Through osteology, concepts of the 
more vaguely defined relationships in the Percoidei 
may be strengthened, resulting in a more coherent 
base for testing of these concepts by other lines of 
evidence.
There are few broad studies in osteological literature 
dealing with a single family or group of families in the 
Percoidei (e.g. K atayam a, 1959; Suzuki, 1962; 
Tom inaga, 1968). Most osteological knowledge is 
derived from studies on a single genus or species and a 
useful synthesis is often difficult. O ther osteological 
data have come from broad surveys of single charac­
ters or functional units (e.g. Gosline, 1961; McAllis­
ter, 1968; Monod, 1968; Patterson, 1968; Smith and 
Bailey, 1961, 1962). Osteological studies o f  beryciform 
fishes (e.g. Patterson, 1964; Regan, 1911; Starks, 
1904), which m any ichthyologists believe gave rise to
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the Perciformes, give an indication of the general 
trends of some osteological units.
None of the specious families of the Percoidei has 
been sufficiently studied osteologically. Regional 
studies have been m ade in the Serranidae (Katayam a, 
1959; slightly modified by Gosline, 1966a) and in the 
Carangidae (Suzuki, 1962). The Percidae (Collette, 
1963) and the Centrarchidae (Branson and Moore, 
1962) have been intensively studied (also see their 
literature cited sections) yet both families lack syn­
thetic analyses of most osteological units. Most other 
families with numerous genera and with wide distri­
bution are poorly known.
The family Apogonidae represents a diverse group 
found in the deep sea (mesopelagic and engybenthic 
to about 300 fathoms), on coral reefs, in bays and 
freshwater rivers. Most species are less than 100 mm 
in standard length, and the num ber of species is 
estimated at about 200 in 24-6 genera. Familial 
limits are poorly defined as Gosline (1966a) has no ted : 
“This is another lower percoid family that has been 
stretched into almost protean form” . Recent authors 
disagree as to the recognition of subfamilial and 
generic rankings (e.g. Golvan, 1962; Lachner, 1953;
M unroe, 1967; Norman, 1966; Schultz, 1940; 
Smith, 1961; W eber and de Beaufort, 1929). There 
are few osteological studies of any apogonid group: 
Tom inaga (1964) worked on some species of Siphamia, 
G arnaud (1962) on Apogon imberbis, Smith (1954) on 
two subfamilies the Apogoninae and the Pseudaminae 
with notes on the species in the Pseudaminae, and 
Regan (1940) on Gymnapogon japonicus.
This study provides new information on the osteo­
logy of the genera, the familial limits of Apogonidae, 
its relative position and significance in the lower per­
coid level of organization, a provisional classification 
within the family to the subgeneric level, a brief 
discussion of the evolution and zoogeography of the 
genera and the evolution of functional bony units 
within the family from linked primitive types deter­
mined from the study of other percoids and bery- 
ciforms.
The deep sea “ apogonids” (including the Epigoni- 
nae) are under study by Garry F. M ayer a t the M u­
seum of Comparative Zoology, H arvard University, 
and only limited data confined mostly to the sub- 
familial or familial level are presented for these 
fishes.
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F A M IL Y  C H A R A C T E R IZ A T IO N
Six to eight spines in first dorsal fin; one spine plus 
8-14 branched soft rays in the second dorsal; one or 
two spines on first dorsal pterygiophore; predorsals 
none to three over the first two vertebrae; first 
pterygiophore over third vertebra with next two 
pterygiophores between third and fourth neural 
spines with one spine-bearing pterygiophore thereafter 
(except Quinca with two pterygiophores also between 
the fourth and fifth neural spines).
Anal spines two, with one spine on first pterygio­
phore; 8-18 branched soft anal rays.
Pelvics with one spine and five branched soft rays; 
inner mem brane attachm ent well developed in 
Astrapogon, Phaeoptyx, Vincentia, Sphaeramia, Pterapogon, 
and Gymnapogon; pelvic axillary scale process not 
developed.
Pectoral fins with 10-20 rays, the upper one or two 
and lower two or three rays unbranched, the rem ain­
ing branched.
Vertebrae 10+14 except 10+15 in Vincentia and 
the Epigoninae; epipleurals past the second vertebra 
in all genera except Pseudamiops; parapophyses from 
the sixth vertebra except in the Epigoninae from the 
third, fourth or fifth; pleural ribs from the third 
vertebra, occasionally absent on the tenth vertebra; 
two to five hypurals; two or three epurals; none, one, 
or two pairs of uroneurals; parhypural with well 
developed hypurapophysis, fused to hypural plate 
only in Gymnapogon; none, one or two autogenous 
haemal spines; principal caudal rays articulating 
with hypurals always nine (upper) and eight (lower), 
upper and lower most unbranched; secondary rays 
bilateral and segmented (large ones) except as strong 
spines in Sphaeramia, Pterapogon, and at least two genera 
in the Epigoninae.
Scales usually ctenoid, but cycloid in several groups 
and absent in Gymnapogon; scale sheath on dorsal and 
anal fin absent; small scales on the second dorsal and 
anal fins only in the Epigoninae; predorsal scales 
absent only in Astrapogon; lateral line complete, 
incomplete, or absent, extending to the tip of the 
caudal fin only in the Epigoninae; each pored lateral-
line scale usually with two external openings, large in 
Vincentia and highly branched in Coranthus; cheeks, 
interopercle, Subopercle and opercle scaled; no scales 
on maxilla, snout or occiput.
Maxilla never completely sheathed by the lachry­
mal except in some species of Apogon; supramaxilla 
when present, large or reduced, or absent; premaxilla 
with ascending and nasal processes equally developed, 
post-maxillary process present; smooth junction at the 
dentary symphysis.
Teeth always on the premaxillae and dentaries, 
usually on the vomer, sometimes on the palatines, 
ectopterygoids, and basihyal, never on endoptery-
goids or parasphenoid; enlarged canines on the pre- 
maxillae, dentaries or vomer in some groups; upper 
pharyngeal teeth on second (absent in Apogonichthys 
perdix, Cheilodipterus singapurensis and C. truncatus), third 
and fourth pharyngiobranchials; developed tooth 
patch always present on the third epibranchial and 
present on the second epibranchial only in the Epi­
goninae, Glossamia, and Gymnapogon; fifth cerato- 
branchials with large tooth patch and not joined by a 
suture along their common junction; gillrakers 
developed (excluding rudiments) on the first arch, 
5-38 in all; suspensory pharyngeal present or absent.
Infraorbitals six except seven or eight in the Epi­
goninae; lower edge of lachrymal smooth; upper 
edges of the second and third infraorbitals serrated in 
two groups of Apogon; infraorbital shelf usually only 
on the third infraorbital, on the third, fourth and 
fifth infraorbitals in Fowleria, and reduced or absent in 
some groups; a ligament from the shelf to the upper 
edge of the ectopterygoid in some species and extend­
ing caudad toward the hyomandibular.
Preopercle smooth or serrated, always with a double 
edge; large preopercular flap in Phaeoptyx and Gym­
napogon; large preopercular spine in Gymnapogon; 
opercle with a single, poorly developed, spine in the 
Apogoninae and Pseudaminae, two or more spines in 
the Epigoninae; interopercle and Subopercle smooth; 
gill membranes separate; pseudobranchia present and 
exposed; four gills with a slit behind the fourth arch.
Branchiostegal rays always seven (three plus four) 
with the anterior three articulating ventrally on the 
shaft of the ceratohyal and the posterior four with two 
on the ceratohyal and two on the epihyal; dentate 
suture between the epihyal and ceratohyal on the 
mesial side only in Glossamia and the Epigoninae; 
ceratohyal without a foramen, usually deeply 
notched, flattened or smooth in some groups.
Posttemporal serrated in some species, but usually 
smooth; free medial extrascapular present in the 
Epigoninae, Pseudamia, and one species of Siphamia, 
absent or fused with the lateral extrascapular in all 
other genera; two postcleithra except one in Gymna­
pogon; two ligaments extend from second postcleithra 
to basipterygium in all groups; foramen in the 
scapula; four radials articulating along the edge of the 
scapula and coracoid.
Frontals with small crests or smooth; parietals 
separated by the supraoccipital and without crests; 
supraoccipital crest large or small; large portion of 
the intercalar always on the otic bulla except in the 
Epigoninae; intercalary facet on the otic bulla in many 
groups; trigeminal recess well developed, with a 
separate foramen for the hyom andibular trunk of 
the facial nerve; basisphenoid present, reduced or 
absent; parasphenoid separated from the pterosphe- 
noid by prootic except in the Pseudam inae; pterosphe- 
noids never meeting each other at the midline;
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orbitosphenoid absent; sensory canals on the neuro-
cranium  partially enclosed by bone only in the 
Epigoninae.
Numerous cephalic lateralis pores present. (This 
system was not examined in detail, but is worthy of 
study.)
Swim bladder with an oval on the anterodorsal end 
in the Apogoninae and Pseudaminae and on the 
posterodorsal end in the Epigoninae; gas glands simple 
in the Epigoninae, compound in the Apogoninae and 
Pseudaminae; composite bundles of retia m irabilia 
in many patterns and always embedded in the com­
pound gas gland in the Apogoninae and Pseudaminae.
Two nostrils on each side; nasal bones free.
Alimentary canal pale, partially black, or com­
pletely black; peritoneum silvery, flecked with black 
spots, or completely black; pyloric caeca present; all 
species as far as known are gonochoristic; four genera 
with some species having bioluminescent organs, 
bacterial in Siphamia (in modified muscle bands) and 
auto-enzymatic (associated with the alimentary canal 
in some m anner) in Archamia, Rhabdamia and Apogon 
(.Nectamia).
O ral brooding of eggs in many species and genera 
of the Apogoninae but unreported for the Epigoninae 
or Pseudaminae.
M E T H O D S
All m aterial studied was treated in the same m an­
ner. The swim bladder was removed and examined, 
after which the specimen was cleared by the trypsin 
method of Taylor (1967) and the bones stained with 
Alizarin Red-S. The cleared specimens were stored in 
100% glycerin. Those specimens not cleared and 
stained were X-rayed and are so indicated.
All specimens were dissected more or less com­
pletely. Scales and eyes were removed in all. In 
further dissection, functional units were removed 
intact: the infraorbital bones, nasal bones, upper jaw , 
lower jaw , suspensorium and Opercles, branchial 
apparatus, hyal apparatus, pelvic girdle and pectoral 
girdle. W hen sufficient specimens were available, a 
series of sizes were studied to determine the quantita­
tive and qualitative variation of the structures inves­
tigated. The num ber of specimens and standard 
length (SL) is given in parentheses following the 
catalogue number.
Illustrations were made with the aid of the Wild 
drawing attachm ent on the M-5 dissecting micro-
scope. Drawings of swim bladders and bundle- 
patterns of retia m irabilia are diagrammatic.
Descriptions of the bones given herein follow the 
nomenclature used by Devillers (1958) and H arring­
ton (1955) for the cranium , McAllister (1968) for the 
hyal region, Ford (1937) for the vertebral column,
Starks (1930) for the pectoral girdle, Monod (1967, 
1968) and Patterson (1968) for the caudal skeleton, 
Lindsey (1955) and Smith and Bailey (1961) for 
median fins and supports, and Starks (1901) for 
synonymy of the entire skeleton.
Emphasis is placed on osteological characters above 
the species level. No species group or genus is revised. 
In  each natural group, all available currently recog­
nized species are cleared and stained (some species 
names are likely to be synonyms). W here possible 
specimens of the same species compared with the 
type species of a genus are used in the illustrations. 
D ata concerning the swim bladder of each genus are 
given.
Osteological descriptions are given in telegraphic 
style for uniformity and clarity.
All the bones typically found in each unit of a lower 
percoid fish are present unless the contrary is stated. 
In  the treatm ent of each genus, a brief introduction 
summarizes published information about geographical 
distribution, brooding habits, osteology and any 
reported peculiarities; detailed osteological descrip- 
tions are not given.
Normal osteological variation of a character is 
discussed under each genus.
References to all nominal apogonid genera are 
included in the literature cited but references to the 
original descriptions of nominal apogonid species are 
not given.
ABBREVIATIONS
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SU — Stanford University, Stanford (N o t e : All this
material is now located at California Academy of 
Science.)
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UJ — University of Jerusalem, Jerusalem
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V A R IA T IO N  IN  O S T E O L O G IC A L  
C H A R A C T E R S
The limited occurrence of atypical variations 
encountered within a given species is discussed.
Partial fusion of adjacent vertebrae is rare and was 
observed in only two specimens. The loss or addition of 
a complete vertebra occurs more often but still is rare. 
X-rays of more than 200 specimens belonging to many 
species, furnished by E. A. Lachner, showed that in 
species having typically 10+14 vertebrae, some 
specimens have 11 +  14 (one), 10+13 (three), and 
10+15 (two). Only the Epigoninae and the genus 
Vincentia normally have 10+15 vertebrae. Sometimes 
a predorsal is poorly developed or fragmented but was 
never considered completely missing (although this 
undoubtedly occurs: one specimen of Phaeoptyx xenus 
may be an example).
The num ber of branchiostegal rays has been 
reported as six to eight, usually seven. I found seven 
invariably in series of specimens examined of each 
species. The num ber of branchiostegals is not usually 
subject to variation in most percoid species and reports 
in the literature are seldom substantiated.
In species where reduction of a particular bone is 
near completion, consistent presence or absence may 
break down (e.g. uroneural, supramaxilla, eighth 
dorsal spine and basisphenoid) and is probably 
normal variation.
The following examples probably represent cases 
of abnormal variation but because so few examples 
have been examined, definite statements cannot be 
made.
Two hypurals are fused in single specimens of 
Apogon fasciatus (1) and in A. hartzfeldi (2) as a result of 
abnorm al ossification.
In Apogon atradorsatus (2) and Neamia octospina (2) 
one specimen of each has two epurals fused together. 
O ther species showed some variation in the am ount of 
ossification and thus in the shape of each epural.
One specimen of Rhabdamia nigrimentum (3) has an 
abortive extra dorsal spine and support at the position 
of the fourth spine. The single specimen of Gymnapogon 
philippinus has a small spine just before the large spine 
of the second dorsal fin.
One specimen of Neamia octospina (2) has the second 
left ceratobranchial completely missing, but the 
hypohyal and epihyal are present.
One specimen of Foa brachygramma (2) has the 
supramaxilla on the left side missing. In  this genus the 
supramaxilla has been much reduced.
In  some species, especially those with very thin 
uroneurals, the pair of uroneurals can be fragmented 
or reduced in size.
Rarely the fourth and fifth infraorbitals may be 
fused together. In Pseudamiops pellucidus both specimens 
appear to have the first and second infraorbitals
fused. My specimen of Pseudamia polystigma has five 
infraorbitals on one side and seven on the other side.
G E N E R A  O F  A P O G O N ID A E  E X C L U D E D  
F R O M  T H IS  S T U D Y
The following genera were not included in this 
study, for no specimen obtained could be clearly 
related to any of these genera because of inadequate 
descriptions. No fossils were examined, although at 
least three names have been proposed (Table 6).
Apogonoides Bleeker, 1849: 70 (type species Apogonoides 
macassariensis Bleeker by m onotypy).
This genus was mentioned only once by Bleeker.
According to M. Boeseman (in litt.) the species does 
not occur in Bleeker’s auction catalogue of 1879 and 
the type must have been lost. The only genus with 
which the description compares favourably is Rhab­
damia. The description does not compare well with 
any of the known species and cannot be assigned with 
any degree of certainty. This name is therefore treated 
as a nomen dubium.
Microichthys Ruppell, 1852: 1 (type species Microich- 
thys coccoi Ruppell by monotypy).
No specimens of Microichthys were examined, how­
ever if the illustrations and treatm ent by Bini (1968) 
are accurate then this genus belongs in the Epigoninae 
—possibly a junior synonym of Epigonus.
K E Y  T O  T H E  S U B F A M IL IE S  O F  T H E  
A P O G O N ID A E
A Vertebrae normally 10+15; swim bladder with 
an oval on the posterodorsal surface, retia mira- 
bilia long (5-10 mm) with individual gas glands 
at the tip of each bundle; two pairs of uroneu­
rals ; more than six infraorbitals, no infraorbital 
shelf, soft dorsal and anal covered with scales
.................................Epigoninae
AA Vertebrae normally 10+14 (except Vincentia, 
10+15); swim bladder with an oval on the 
anterodorsal surface, bundles of retia mirabilia 
short (less than 5 mm) with large compound gas 
g land; one pair of uroneurals or none; six infra-
orbitals, shelf present or absent; soft dorsal and
anal w ithout scales..............................................B
B Large canines always present on the dentary and 
premaxilla; basisphenoid always absent; hypurals 
one and two always fused; pterosphenoids and 
parasphenoid contiguous or nearly so; intercalary 
facet never on the otic bulla; lateral line incom­
plete or absent; scales always cycloid or absent 
.................................Pseudaminae
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BB Large canines present or absent on the dentary 
and premaxilla; basisphenoid present, reduced 
or absent; hypurals one and two free or fused; 
pterosphenoids and parasphenoids widely sepa­
rated by prootics; intercalary facet usually on 
the otic bulla; lateral line complete or incom­
plete, scales ctenoid or cycloid . . Apogoninae
SUBFAMILY EPIGONINAE
Plates 1B, 2, 4, 13, 17A, 23A and B, 24, 25 and 43 
Tables 1 and 4
This subfamily contains at least three valid genera. 
All are from relatively deep water and are engyben- 
thic or pelagic. Epigonines can be distinguished from 
apogonines and pseudamines by the following cha­
racters: a vertebral count of 10+15, very long retia 
m irabilia (5-10 mm ), an oval on the posterodorsal 
side of the swim bladder, parapophyses beginning on 
the third, fourth or fifth vertebra, two pairs of uro- 
neurals, sensory canals on the head partially enclosed 
by bone, two or more well developed opercular spines, 
seven or eight infraorbitals, lateral line extending far 
onto the caudal fin, and scales on soft anal and dorsal 
fins. Epigonines also have seven or eight first dorsal 
spines, two anal spines, three predorsals, no infra­
orbital shelf, no foramen in the ceratohyal, a dentate 
suture between ceratohyal and epihyal, no supra- 
maxilla, a well developed basisphenoid, intercalary 
facet for the lower fork of the posttemporal not in­
cluded on the otic bulla, posttemporal smooth, a free 
medial extrascapular, no axillary scale process at the 
base of the pelvic fin spine, five separate hypurals, a 
parhypural, three epurals and two autogenous haemal 
spines.
O ral brooding has not been reported for any 
species.
Genera included: Epigonus, Florenciella and Rosen- 
blattia. (There are a num ber of other generic 
names, most of which are probably synonomous 
with Epigonus.)
SUBFAMILY APOGONINAE
Plates 1, 3, 13, 23A and B, 24, 43 and 44 
Tables 1, 4, 5 and 6
This subfamily contains at least 16 recognized 
genera and 14 subgenera (53 nominal genera). All are 
from relatively shallow water and are subtemperate 
to tropical in distribution, with the greatest develop­
ment occurring on coral reefs. Apogonines can be 
distinguished from epigonines and pseudamines 
only by a combination of characters: a vertebral
count of 10+14 (10+ 15 in Vincentia), short retia 
m irabilia (less than 5 mm), oval on the anterodorsal 
side of the swim bladder, parapophyses beginning at 
the sixth vertebra, sensory canals on the head never 
enclosed by bone, one opercular spine, never more 
than six infraorbitals, and never with the following 
combination of lacking the basisphenoid and posses­
sing large canine teeth on the dentary and pre­
maxillary. Apogonines also have six to eight dorsal 
spines, none to three predorsals, infraorbital shelf 
present or absent, no foramen in the ceratohyal, 
dentate suture between the ceratohyal and epihyal 
only in Glossamia, supramaxilla present or absent, 
basisphenoid present, reduced or absent, intercalary 
facet for the lower fork of the posttemporal included 
or not included on the otic bulla, no free medial 
extrascapular except in Siphamia, lateral line not 
extending far onto the caudal fin, no axillary scale 
process at the base of the pelvic spine, no scales 
on soft dorsal and anal fins, two to five hypurals, none 
or one pair of uroneurals, two or three epurals, a 
parhypural, two autogenous or fused haemal spines 
and two anal spines. Perhaps the widespread habit of 
oral incubation of the eggs (reviewed briefly by 
Breder and Rosen, 1966: 405-6) is indicative of the 
unity of this subfamily.
Genera included: Apogon, Apogonichthys, Archamia, 
Astrapogon, Cheilodipterus, Coranthus, Foa, Fowleria, 
Glossamia, Neamia, Phaeoptyx, Pterapogon, Rhab- 
damia, Siphamia, Sphaeramia and Vincentia.
(N o t e  : Pterapogon is provisionally recognized, further 
study may show that it and Quinca are co-ordinate 
with Sphaeramia and these two groups may be treated 
as subgenera of Sphaeramia.)
Subgenera included.- In  Apogon: Apogon, Brephamia, 
Lepidamia, N ectamia, Paroncheilus, Pristiapogon, 
Pristicon, Yarica, Z apogon, Zoramia. In  Rhabdamia: 
Bentuviaichthys, Rhabdamia, Verulux; In Pterapogon: 
Pterapogon, Quinca.
KEY TO THE GENERA OF THE APOGONINAE
1. Longest secondary caudal rays bilateral and
segm ented ...........................................................4
T. Longest secondary caudal rays fused and
u n se g m e n te d .................................................... 2
2. Soft dorsal rays n ine ; soft anal rays n ine; one 
dorsal spine on first pterygiophore; 25 to 31 
gillrakers . Sphaeramia Fowler and Bean, 1930.
2'. Soft dorsal rays 14; soft anal rays 13; two 
dorsal spines on first pterygiophore . . . (all 
Pterapogon Koumans, 1 9 3 3 ) .......................... 3
3. Palatine teeth present; three predorsals; 17 
gillrakers (12 well developed) . . . .
P. (Quinca) Mees, 1966.
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3'. Palatine teeth absent; two(?) predorsals;
38 gillrakers (all well developed)
P. (Pterapogon) Koumans, 1933.
4. Modified silver or black bioluminous bands
along ventral sides from hyal region to past 
anal fin origin; basisphenoid absent; two 
epurals; fused hypurals (one and two, three 
and f o u r ) .......................... Siphamia W eber, 1909.
4'. No such bioluminous bands; basisphenoid 
present or absent; two or three epurals; 
hypurals fused or free...............................................5
5. Lateral line complete; if incomplete, pre­
opercle always serrated ..................................7
5'. Lateral line incomplete, preopercle always
s m o o t h .................................................................. 6
6. Palatine teeth present; gillrakers 11 to 13;
suspensory pharyngeal present; shelf on 
third infraorbital only; basisphenoid re­
duced (meningost o n l y ) .................................
Foa Jordan and Evermann, 1905.
6'. Palatine teeth absent; gillrakers 5 to 9; 
suspensory pharyngeal absent; shelves on 
third, fourth and fifth infraorbitals; basis­
phenoid a b s e n t ..............................................
Fowleria Jo rdan  and Evermann, 1902.
7. Large preopercular flap (fleshy only) ex­
tending posterior to vertical edge of pre­
opercle; one or two predorsals; fused 
hypurals (one and two, three and four) .
Phaeoptyx Fraser and Robins, 1970.
7'. No large, fleshy preopercular flap; none
to three predorsals; hypurals fused or free . 8
8. Tubule on lateral-line scale with many 
branches; peritoneum black; large canine 
teeth in both jaw s; first dorsal spines seven; 
soft dorsal rays ten . Coranthus Smith, 1961.
8'. Tubule on lateral-line scale simple; peri­
toneum silvery-white or at most speckled; 
canines present or absent; first dorsal spines 
six to eight; soft dorsal rays nine to eleven . 9
9. Term inal lateral-line scale much elongated,
with about eight pores on the dorsal and 
ventral border respectively; eight first dorsal 
spines; basisphenoid a b s e n t ..........................
Vincentia Castelnau, 1872.
9'. Term inal lateral-line scale not modified as 
above; first dorsal spines six to eight; 
basisphenoid present, reduced or absent . 10
10. M edian predorsal scales absent; preopercle 
edges sm ooth; scales cycloid; eight soft anal 
rays; suspensory pharyngeal absent; pre-
dorsals absent; basisphenoid absent
Astrapogon Fowler, 1907.
10'. M edian predorsal scales present; preopercle 
edges serrated or smooth; scales ctenoid or 
cycloid; soft anal rays eight to 18; suspensory
pharyngeal present or absent; predorsals 
present; basisphenoid present, reduced or 
a b s e n t ................................................................. 11
11. Visible first dorsal spines eight; palatine
teeth absent; preopercle edges smooth; 
basisphenoid absent; fused hypurals (one 
and two, three and f o u r ) ..........................
Neamia Smith and Radcliffe in Radcliffe, 1912.
11'. Visible first dorsal spines six or seven; 
palatine teeth present or absent; preopercle 
edges serrated or sm ooth; basisphenoid 
present, reduced or absent; hypurals fused 
or f r e e ................................................................. 12
12. Ectopterygoid teeth present; first dorsal 
spines six; preopercle edges smooth; dentate 
suture on mesial side of ceratohyal-epihyal 
junction; basisphenoid reduced or absent
. . . . Glossamia Gill, 1863.
12'. Ectopterygoid teeth absent; first dorsal 
spines six or seven; preopercle edges serrated 
or smooth; no dentate suture on mesial side 
of ceratohyal-epihyal junction; basisphenoid 
present or a b s e n t ..............................................13
13. Preopercle edges always smooth; canine 
teeth absent (except Rhabdamia—some en­
larged) ...........................................................14
13'. Preopercle edges serrated to smooth (if 
smooth, large canines always present); 
canine teeth present or absent . . . 1 7
14. Visible first dorsal spines seven; ctenoid
scales; basisphenoid absent; a pair of 
uroneurals p r e s e n t ....................................... 15
14'. Visible first dorsal spines six; scales cycloid 
or weakly ctenoid; basisphenoid present;
uroneurals a b s e n t ........................................
(Rhabdamia W eber, 1 9 0 9 ) ..........................  16
15. Soft dorsal rays ten or eleven; soft anal rays 
ten or eleven; supramaxilla absent; caudal 
fin forked; infraorbital shelf absent; sus­
pensory pharyngeal present; two predorsals; 
fused hypurals (one, two, three and four)
Rhabdarnia (Bentuviaichthys) Smith, 1961.
15'. Nine soft dorsal rays; eight soft anal rays; 
supramaxilla present; caudal fin rounded; 
infraorbital shelf present; suspensory 
pharyngeal absent; three predorsals;
hypurals not f u s e d ........................................
Apogonichthys Bleeker, 1854.
16. Soft anal rays 12 to 13; well developed gill­
rakers 24 to 31; two predorsals; infraorbital 
shelf present ( r e d u c e d ) .................................
R. (Rhabdamia) Weber, 1909.
16'. Nine soft anal rays; well developed gillrakers 
12 to 15; one predorsal; infraorbital shelf 
absent . . . .  R. ( Verulux) new subgenus.
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17. Anal rays twelve or more; large supra­
occipital crest; frontals with crests
Archamia Gill, 1863.
17'. Anal rays ten or less; supraoccipital crest 
small [except Apogon (Zoramia) ] ; frontals 
without c re s ts .................................................... 18
18. Some or all teeth enlarged as canines; soft
anal rays eight; rudim entary supramaxilla 
always present; visible first dorsal spines 
six; three predorsals; a pair of uroneurals 
present . Cheilodipterus Lacepede, 1802.
18'. No canine teeth [except Apogon (Paron- 
cheilus)]; soft anal rays eight to ten; supra­
maxilla absent [except well developed in 
Apogon (Yarica)]; visible first dorsal spines 
six or seven; two or three predorsals; a pair
of uroneurals or a b s e n t .................................
(all Apogon Lacepede, 1 8 0 2 ) ..........................  19
19. Lateral line incomplete; visible first dorsal 
spines six; single row of teeth on dentary and 
premaxilla; 24 to 26 well developed gill­
rakers; two predorsals; uroneurals absent .
A. (Brephamia) Jo rdan  in Jordan and Jordan , 1922.
19'. Lateral line complete; first dorsal spines six 
or seven; at least two rows of teeth on den­
tary and premaxilla; usually less than 24 
well developed gillrakers; two or three pre-
dorsals; uroneurals present or absent . . 20
20. Scales cycloid; canine teeth present; supra­
maxilla absent; first dorsal spines six; soft 
anal rays nine; two predorsals; uroneurals 
absent . . .  A. (Paroncheilus) Smith, 1963.
20'. Scales ctenoid; no canine teeth; supra­
maxilla present or absen t; first dorsal spines 
six or seven; soft anal rays eight to te n ; two 
or three predorsals; uroneurals present or
a b s e n t ................................................................. 21
21. Preopercular ridge strongly serrated . . 22
21'. Preopercular ridge smooth or weakly ser­
rated at the a n g l e ....................................... 23
22. Visible first dorsal spines seven; post-
temporal smooth; first, second and third 
infraorbitals with serrated upper edges; 
uroneurals a b s e n t .......................................
A. (Pristiapogon) Klunzinger, 1870.
22'. Visible first dorsal spines six; posttemporal 
weakly serrated; third, fourth and fifth in­
fraorbitals with serrated upper edges; a pair
of uroneurals p re s e n t.......................................
A. (Pristicon) new subgenus.
23. Large supramaxilla present; visible first 
dorsal spines six; three predorsals; a pair of 
uroneurals present . . A. (Yarica) Whitley, 1930.
23'. Supramaxilla absent; visible first dorsal 
spines six or seven; two or three predorsals; 
uroneurals present or absent . . . .  24
24. Second, third and fourth dorsal spines
usually with long filamentous tips; well 
developed gillrakers more than 25; visible 
first dorsal spines six; soft anal rays nine; 
infraorbital shelf absent; three predorsals; 
a pair of uroneurals present; large supra­
occipital crest . . A. (Zo ramia) Jordan , 1917.
24'. Dorsal spines without filamentous tips; 
well developed gillrakers usually less than 
25; visible first dorsal spines six or seven; 
soft anal rays eight to ten; infraorbital 
shelf present; two or three predorsals; 
uroneurals present or absent; supraoccipital 
s m a l l ................................................................. 25
25. Scales above and below lateral line smaller 
than scales in lateral line; visible first dorsal 
spines six; two predorsals; a pair of 
uroneurals present A. (Zapogon) new subgenus.
25'. Scales similar in size to lateral line scales; 
visible first dorsal spines six or seven; two or 
three predorsals; uroneurals present or 
a b s e n t ................................................................. 26
26. Visible first dorsal spines six; two predor- 
sals; uroneurals a b s e n t .................................
A. (Apogon) Lacepede, 1802.
26'. Visible first dorsal spines six or seven; three
predorsals; a pair of uroneurals present . . 27
27. Visible first dorsal spines six or seven; 10 to
27 well developed gillrakers; 23 to 26 
pored lateral-line s c a l e s .................................
A. (N ectamia) Jordan , 1917.
27'. Visible first dorsal spines seven; nine or ten 
well developed gillrakers; 35 to 37 pored 
lateral-line scales. . . A. (Lepidamia) Gill, 1863.
Genus G LO SSA M IA  
Gill, 1863
Glossamia Gill, 1863: 82 (type species Apogon aprion 
Richardson by monotypy).
Mionurus Krefft, 1867: 942 (type species Mionurus 
lunaius Krefft by monotypy).
Gulliveria Castelnau, 1878: 45 (type species Gulliveria 
fusca Castelnau by subsequent designation of 
Jordan , 19191).
Kurandapogon Whitley, 1939: 1 (type species Kuranda- 
pogon blanchardi W hitley by original designation 
and monotypy).
M a ter ia l  E xam ined .
Glossamia aprion (Richardson, 1842) USNM 173844 (1, 115.1) 
Australia, Northern Territory, Red Lily Lagoon, 10 Oct.
1 Jordan states that this species is synonomous with Glossamia 
aprion. If  Castelnau has correctly characterized G. fusca with 
regard to scales on the head “ . . . all parts of the head covered 
with scales . . then it may not be a member of the 
Apogonidae.
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1948. USNM 173839 (1,45.4) Australia, Northern Territory, 
Billabong about 3 mi. above Roper River Mission, 17 Aug. 
1948.
Glossamia beauforti (Weber, 1908) USNM 177672 Cotype 
(1, 100.4) New Guinea, Sentani Sea, 1903.
Glossamia blanchardi (Whitley, 1939) USNM 109466 Paratype 
(1, 16.8) Australia, Queensland, Kuranda, about 20 mi. 
NW of Cairns, 1-4 June 1928. X-ray.
Glossamia gilli (Steindachner, 1867) USNM 42010 (1, 98.2) 
Australia, Queensland, X-ray.
Glossamia gjellerupi (Weber and de Beaufort, 1929) USNM 
177670 Cotype (1, 52.2) New Guinea, 18 Sept. 1920. 
Glossamia heurni (Weber and de Beaufort, 1929) USNM 
177684 Cotype (1, 91.2) New Guinea, Pravwenbivak, 
Idenburg River, 1920.
Glossamia sandei (Weber, 1908) USNM 177687 Cotype 
(1, 77.8) New Guinea, Alkmaan, 23 Sept. 1907.
Glossamia trifasciatus (Weber, 1913) USNM 177680 Cotype 
(1, 81.9) New Guinea, Alkmaan, 23 Sept. 1907.
Glossamia winchmanni (Weber, 1908) USNM 177673 Cotype 
(1, 69.8) New Guinea, Tawarin River, June 1903.
There are at least twelve nominal species of which 
six or seven may be valid. All of the species are 
restricted to Australia, New Guinea and some 
smaller surrounding islands. They occur in fresh­
water and ponds. O ral brooding of the eggs has been 
reported for Glossamia (Whitley, 1959a: 149), and 
G. gilli (Rudel, 1934).
Sw im  B l a d d e r  (Pls 1 and 3): The swim bladders 
of G. aprion, G. beauforti, G. gjellerupi, G. heurni, G. 
sandei, G. trifasciatus and G. winchmanni were examined. 
All species had multiple composite bundles of retia 
mirabilia arranged more or less in a complete or 
partial circle. All had an oval present on the dorsal 
side at the anterior end.
O steo lo g y  : The salient features are shown in 
Plates 4, 10, 13, 14, 15, 17, 19, 20, 21, 23, 25 and 26 
and in Tables 1 and 5.
Caudal skeleton (Pl. 4): Five hypurals, a par- 
hypural, three epurals, one pair of uroneurals and 
two autogenous haemal spines.
Vertebrae (Table 1): 10 +  14. Epipleurals on all 
but the last pleural rib.
Anal fin: Two spines, the first pterygiophore with 
one spine; 8-10 soft rays.
Dorsal f in : Six spines visible in the first dorsal. One 
spine on the first pterygiophore. The seventh spine, 
when present, reduced and hidden by skin (See 
Pls 8 and 9). Second dorsal with one spine and 8 to 
10 soft rays.
Predorsals (Pl. 10): Three.
Pelvic girdle: No comment.
Pectoral girdle (Pl. 13): No free medial extra-
scapular. Posttemporal smooth.
Jaws (Pls 14 and 15): A single large supramaxilla. 
A wide band of fine teeth on the dentary and pre-
maxilla.
Suspensorium: Bands of fine teeth on the palatines 
and ectopterygoids.
Branchial apparatus (Pls 17 and 19): 10 to 18 
(7 to 10 well developed) gillrakers. Seven Branchio­
stegal rays. Ceratohyal with the dorsal side deeply 
notched. Dentate suture between the ceratohyal and 
epihyal.
Infraorbitals (Pl. 20): Six, with a well developed 
shelf present on the third infraorbital.
Opercles (Pl. 21): Preopercle smooth on the ridge; 
slightly serrated or smooth on the posterior and 
ventral edges.
Neurocranium  (Pls 23, 24, 25 and 26): Basisphenoid 
absent in most species or with a greatly reduced upper 
portion (meningost). The intercalary facet for the 
lower fork of the posttemporal not included on the 
otic bulla. Vomer with a narrow band of fine teeth. 
Frontals lacking well developed crests.
Scales: Ctenoid, generally small. Lateral line 
complete, 25 to 50 scales.
R em arks  : This genus is unlike other Apogoninae in 
possessing ectopterygoid teeth, dentate suture joining 
the ceratohyal and epihyal on the mesial side, large 
supramaxilla, six dorsal spines and a reduced or 
absent basisphenoid (Table 5). The tendency to have 
small scales (all but G. winchmanni have more than 
33 scales in the lateral line), nine (eight) anal rays, 
smooth preopercle edges, bundles of retia mirabilia 
in a circular or semicircular pattern, low num ber of 
gillrakers (less than 15) and inhabiting freshwater 
rivers further define this group.
A single species of the genus Apogon (A. hyalosoma) 
has a similar body shape, large supramaxilla, six 
first dorsal spines, semicircular bundle pattern of 
retia mirabilia, eight gillrakers and has been collected 
in freshwater as well as seawater. O n first impression 
it would appear to be allied to Glossamia but its 
similarities are more likely explained by parallelism. 
Unlike Glossamia, Apogon hyalosoma has no dentate 
suture joining the ceratohyal and epihyal on the 
mesial side, no ectopterygoid teeth, a serrated pre­
opercle edge, a well developed basisphenoid, 24 to 26 
lateral-line scales and eight soft anal rays (Table 5). 
Apogon hyalosoma possesses a supramaxilla unlike all 
other species of Apogon.
G e n u s  A P O G O N IC H T H Y S
B l e e k e r , 1854
Apogonichthys Bleeker, 1854: 321 (type species Apo- 
gonichthys perdix Bleeker by monotypy).
M a t er ia l  E xam ined .
Apogonichthys perdix Bleeker, 1854 RUSI 1059 (2, 31.0-36.0). 
No data, East Africa.
Apogonichthys ocellatus (Weber, 1913) USNM 154244 (1, 25.3) 
M ariana Islands, Guam.
Apogonichthys waikiki Jordan and Evermann, 1904 USNM 
55195 (1, 31.7) Hawaii.
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Apogonichthys contains at least four nominal species. 
Apogonichthys ocellatus is widely distributed from East 
Africa eastward throughout the Indo-W est Pacific to 
the M arianas and M arshall Islands. O ral brooding of 
eggs has been reported for A. perdix by Petit (1931).
Sw im  B l a d d e r  (Pls 1 and 3): Specimens of A. 
ocellatus, A. perdix and A. waikiki were examined. All 
had a single, composite bundle of retia m irabilia and 
a single gas gland. One of the swim bladders was 
sufficiently intact to show the oval on the dorsal side 
at the anterior end.
O s t e o l o g y : The salient features are shown in 
Plates 4, 10, 13, 14, 15, 17, 19, 21, 23, 24, 25 and 27 
and in Tables 1 and 5.
Caudal skeleton (Pl . 4): Five hypurals (fourth 
hypural fused to the terminal centrum ), a par- 
hypural, three epurals, one pair of uroneurals and 
two autogenous haemal spines.
Vertebrae (Table 1): 10+14. Epipleurals on all 
but the last two pleurals.
Anal fin: Two spines, the first pterygiophore with 
one spine; eight soft rays.
Dorsal fin: Seven or eight spines in the first dorsal. 
Two spines on the first pterygiophore. The eighth 
spine reduced and covered by skin and scales in A. 
ocellatus and A. waikiki (see Pls 8 and 9). Second 
dorsal with one spine and nine soft rays.
Predorsals (Pl. 10): Three.
Pelvic g ird le: No comment.
Pectoral girdle (P. 13): No free medial extra-
scapular. Posttemporal smooth.
Jaws (Pls 14 and 15): Reduced supramaxilla. A 
wide band of fine teeth on the dentary and pre-
maxilla.
Suspensorium: No teeth on either the palatines or 
ectopterygoids (except for A. ocellatus with teeth on 
the ectopterygoids only).
Branchial apparatus (Pls 17 and 19): No suspensory 
pharyngeal. No teeth on the second pharyngio- 
branchial in A. perdix. 12 to 17 (5-6 well developed) 
gillrakers. Seven branchiostegal rays. Ceratohyal 
with the dorsal side completely smooth and nearly 
horizontal. No dentate suture between the ceratohyal 
and epihyal.
Infraorbitals: Six, with a well developed shelf on 
the third infraorbital. A ligament in A. ocellatus from 
the posterior tip of the shelf forward to the ecto- 
pterygoid.
Opercles (Pl. 21): Preopercle smooth on the ridge, 
ventral and posterior edges.
Neurocranium  (Pls 23, 24, 25 and 27): A reduced 
basisphenoid (only the meningost portion). The 
intercalary facet for the lower fork of the posttem­
poral included on the otic bulla. Vomer with a 
narrow band of fine teeth. Frontals with some crests 
and with a slightly narrower interorbital width.
Scales: Ctenoid. Lateral line complete, 22 to 24 
scales.
R e m a r k s : M any species have been periodically 
placed in this genus but few belong here, especially 
those species now placed in Astrapogon and some 
species groups now treated in Apogon. Apogonichthys 
is related to Foa and Fowleria (see remarks on Foa). 
Apogonichthys differs from Apogon in possessing reduced 
supramaxillae, a reduced basisphenoid and no 
suspensory pharyngeal.
G e n u s  FO A
J o r d a n  a n d  E v e r m a n n , 1905
Foa Jordan  and Evermann, 1905: 779 (type species 
Foa fo  Jo rdan  and Seale by original designation 
and monotypy in Jo rdan  and Seale 1905).
Foa Jo rdan  and Evermann, 1905: 210 (type species 
Fowleria brachygramma Jenkins by original desig­
nation and monotypy).
M a ter ia l  E xam ined .
Foa brachygramma (Jenkins, 1902) USNM 169162 (1, 31.6) 
Philippine Islands, Iloila, 11 Apr. 1929. USNM 203771 
(1, 32.4) Madagascar, Tulear Harbour, 11 Aug. 1964.
Foa f o Jordan and Seale, 1905 USNM 171102 (2, 34.0-34.8) 
Philippine Islands, Catabato, below mouth of river, 20 May 
1908.
Three of the five nominal species are known 
only from type material. Foa brachygramma is widely 
distributed from the East African coast eastward 
throughout the Indo-W est Pacific to the Philippine 
and Hawaiian Islands. O ral brooding of the eggs 
has been reported for Foa madagascariensis by Petit 
(1931).
Sw im  B l a d d e r  (Pls 1 and 3): Specimens of F. fo  
and F. brachygramma have a single, composite bundle 
of retia m irabilia and gas gland. The oval was present 
on the dorsal side at the anterior end of the swim 
bladder.
O s t e o l o g y : The salient features are shown in 
Plates 4, 8, 10, 13, 14, 15, 17, 21, 23, 24, 25 and 28 
and in Tables 1 and 5.
Caudal skeleton (Pl. 4): Five hypurals (one and 
two partially fused in my specimens of F. fo ), a 
parhypural, three epurals, a single pair of uroneurals 
(absent in one specimen of F. fo) and two auto­
genous haemal spines.
Vertebrae (Table 1): 10 +  14. Epipleurals on all 
but the last two pleurals.
Anal fin: Two spines, the first pterygiophore with 
one spine; eight soft rays.
Dorsal fin (Pl. 8): Seven dorsal spines in the first
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dorsal. Two spines on the first pterygiophore. Second 
dorsal with one spine and nine soft rays.
Predorsals (Pl. 10): Three.
Pelvic girdle: No comment.
Pectoral girdle (Pl. 13): No free medial extra-
scapular. Posttemporal smooth.
Jaws (Pls 14 and 15): Reduced supramaxilla. A 
wide band of fine teeth on the dentary and pre-
maxilla.
Suspensorium: A narrow band of fine teeth on the 
palatines; none on the ectopterygoids.
Branchial apparatus (Pl. 17): 11 to 13 (7 to 8 
well developed) gillrakers. Seven branchiostegal rays. 
Ceratohyal with the dorsal side smoothly concave. 
No dentate suture between the ceratohyal and 
epihyal. Urohyal without the usual anterodorsal 
process.
Infraorbitals: Six, with a well developed shelf on 
the third infraorbital.
Opercles (Pl . 21): Preopercle smooth on the ridge, 
ventral and posterior edges.
Neurocranium (Pls 23, 24, 25 and 28): Basi- 
sphenoid reduced (only the meningost portion). The 
intercalary facet for the lower fork of the posttem­
poral included on the otic bulla. Vomer with a 
narrow band of fine teeth. Frontals lack crests.
Scales: Ctenoid. Lateral line incomplete, 9 to 11 
scales ending at vertical below front of the second 
dorsal.
R e m a r k s : Foa is closely related to Apogonichthys 
and Fowleria. All three have a similar body shape, 
similar caudal skeleton, reduced supramaxillae, and 
smooth preopercles. Foa and Apogonichthys also have 
a reduced basisphenoid. Foa and Fowleria share an 
incomplete lateral line. Foa differs from Apogonichthys 
and Fowleria in possessing palatine teeth and a 
suspensory pharyngeal (both lacking in the last two 
genera). Foa differs from Apogonichthys in having an 
incomplete lateral line and from Fowleria in possessing 
fewer infraorbital shelves, a reduced basisphenoid 
(absent in Fowleria) and a differently shaped neuro-
cranium. Foa can be distinguished from Apogon by 
the presence of a reduced supramaxilla, reduced 
basisphenoid, and an incomplete lateral line.
Genus FO W LER IA  
J ordan and Evermann, 1903
Fowleria Jo rdan  and Evermann, 1903: 180 (type 
species Apogon auritus Valenciennes, in Cuvier and 
Valenciennes by original designation and mono-
typy)-
Papillapogon Smith, 1946: 799 (type species Apogon 
auritus Valenciennes, in Cuvier and Valenciennes 
by original designation and monotypy).
M a ter ia l  E xam ined .
Fowleria aurita (Valenciennes in Cuvier and Valenciennes, 
1831) U SNM 169516 (1, 58.3) Philippine Islands, Cebu 
market, 20 Mar. 1909.
Fowleria isostigma (Jordan and Seale, 1906) USNM (1, 51.8) 
Gilbert Islands, Onotoa, Lagoon side reef, 19 July 1951. 
USNM (UNCAT) (1, 54.4) New Britain, Rabaul, near 
entrance to Simpson Harbour, 27 Feb. 1965.
Fowleria variegata (Valenciennes, 1832) USNM 52286 (1, 
46.6) Samoa, Pago Pago.
Seven nominal species are currently placed in this 
genus which must be restudied in view of the con­
trasting treatments by Lachner (1953) and Smith 
(1961). At least two species may be widely distributed 
from East Africa eastward to Samoa and the Philip­
pine Islands. O ral incubation of the eggs is not re­
ported. No osteological information is available except 
for the caudal skeleton of F. aurita (Monod 1968: 
514, figs 610-11).
Sw im  B l a d d e r  (Pls 1 and 3): Specimens of F. 
aurita, F. isostigma and F. variegata had three composite 
bundles of retia mirabilia in a horizontal row, the 
middle bundle enlarged. The oval was present on the 
dorsal side at the anterior end in the only two intact 
swim bladders.
O s t e o l o g y : The salient features are shown in 
Plates 4, 10, 13, 14, 15, 17, 19, 20, 21, 23, 24, 25 
and 29 and in Tables 1 and 5.
Caudal skeleton (Pl. 4): Five hypurals, a par- 
hypural, three epurals, one pair of uroneurals and 
two autogenous haem al spines.
Vertebrae (Table 1): 10 +  14. Epipleurals on all 
but the last two pleurals.
Anal fin: Two spines, first pterygiophore with one 
spine, eight soft rays.
Dorsal fin: Seven spines in the first dorsal. Two 
spines on the first pterygiophore. Second dorsal with 
one spine and nine soft rays.
Predorsals (Pl. 10): Three.
Pelvic girdle: No comment.
Pectoral girdle (Pl. 13): No free medial extra-
scapular. Posttemporal smooth.
Jaws (Pls 14 and 15): Supramaxilla present. A 
wide band of fine teeth on the dentary and pre-
maxilla.
Suspensorium: No teeth on either the palatines or 
ectopterygoids.
Branchial apparatus (Pls 17 and 19): No suspensory 
pharyngeal. 9 to 13 (5 to 7 well developed) gillrakers. 
Seven branchiostegal rays. Ceratohyal with the 
dorsal side weakly notched.
Infraorbitals (Pl. 20): Six, with well developed 
shelves on the third, fourth and fifth infraorbitals.
Opercles (Pl. 21): Preopercle smooth on the ridge, 
ventral and posterior edges.
Neurocranium  (Pls 23, 24, 25 and 29): No basi­
sphenoid. The intercalary facet for the lower fork of
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the posttemporal included on the otic bulla. Vomer 
with a wide band of fine teeth. Frontals with some 
crests and a very narrow interorbital width.
Scales: Ctenoid. Lateral-line scales well developed 
(10 to 12) to about the origin of the second dorsal, 
from there to the caudal base incomplete (absent) or 
with a rudim entary pit in each scale.
R e m a r k s : Fowleria is closely related to Foa and 
Apogonichthys but not to Apogon. Fowleria is the most 
modified of these genera, especially in the shape of 
its neurocranium  and in the increase in the num ber 
of infraorbital shelves. This genus can be distinguished 
from Apogon by the presence of a supramaxilla, three 
infraorbital shelves, a reduced lateral line, no basi- 
sphenoid, no suspensory pharyngeal and the modified 
neurocranium.
Genus N EAM IA
Smith and Radcliffe, 1912
Neamia Smith and Radcliffe, 1912: 441 (type species 
N eamia octospina Smith and Radcliffe by original 
designation and monotypy in Radcliffe, 1912).
M a ter ia l  E xam ined .
Neamia octospina Smith and Radcliffe in Radcliffe, 1912 
USNM 203779 (1, 36.0) Australia, Queensland, One Tree 
Island, 27 Nov. 1966. RUSI 1060 (1, 31.0) Mozambique, 
Island of Mozambique, June 1950.
Neamia, monotypic, is found in the East Indies, 
Australia and East Africa. O ral brooding of the eggs 
is not reported.
Sw im  B l a d d e r  (Pls 1 and 3): Two specimens were 
examined; both with a single composite bundle of 
retia m irabilia and a single gas gland. An oval was 
present on the dorsal side at the anterior end.
O steo lo g y  : The salient features are shown in 
Figures 4, 8, 10, 13, 14, 15, 17, 21, 23, 24, 25 and 30 
and Tables 1 and 5.
Caudal skeleton (Pl. 4): Three hypurals (one and 
two, three and four are fused), a parhypural, three 
epurals (the third reduced), a reduced pair of 
uroneurals and two autogenous haemal spines.
Vertebrae (Table 1): 10+14. Epipleurals on all 
pleural ribs.
Anal fin: Two spines, first pterygiophore with one 
spine; eight soft rays.
Dorsal fin (Pl. 8): Eight spines in the first dorsal. 
The first pterygiophore with two spines. The eighth 
spine small but well developed. Second dorsal with 
one spine and nine soft rays.
Predorsals (Pl. 10): Three.
Pelvic girdle: No comment.
Pectoral girdle (Pl. 13): No free medial extra-
scapular. Posttemporal smooth.
Jaws (Pls 14 and 15): Reduced supramaxilla. A 
wide band of teeth on the dentary and premaxilla.
Suspensorium: No teeth on the palatines or 
ectopterygoids.
Branchial apparatus (Pl. 17): 12 to 13 (7 well 
developed) gillrakers. Seven branchiostegal rays. 
Ceratohyal with the dorsal side deeply notched.
Infraorbitals: Six, with a well developed shelf on 
the third infraorbital. A ligament from the shelf to 
the ectopterygoid.
Opercles (Pl. 21): Preopercle smooth on the ridge, 
ventral and posterior edges.
Neurocranium  (Pls 23, 24, 25 and 30): No basi- 
sphenoid. The intercalary facet for the lower fork of 
the posttemporal included on the otic bulla. Vomer 
with a band of fine teeth. Frontals w ithout much 
ornam entation.
Scales: Ctenoid and large. Lateral line complete, 22 
to 24 scales.
R e m a r k s : Neamia has an obscure position in the 
Apogoninae, differing in possessing a reduced pair of 
uroneurals, a reduced third epural in combination 
with fused hypurals and a well developed eighth 
dorsal spine. Possibly, Neamia is distantly related to 
Apogonichthys, Foa and Fowleria for all have a smooth 
preopercle, a reduced supramaxilla and similar body 
shape.
Genus V IN C E N T IA  
Castelnau, 1872
Vincentia Castelnau, 1872: 245 (type species Vincentia 
waterhousei Castelnau by monotypy).
M a ter ia l  E xam ined .
Vincentia novaehollandiae (Valenciennes, 1832) F 3183 (1, 41.3) 
South Australia, McDonnell Sound, 1961. F 3132 (1, 78.5) 
South Australia, Aug. 1962. X-ray.
Vincentia conspersus (Klunzinger, 1872) F 1226 (3, 60.6-65.7) 
South Australia, Gulf of St. Vincent, 1928. (One cleared, the 
others X-rayed).
There are at least five nominal species, two of which 
are currently recognized (Scott, 1964). Scott also 
discussed the generic status of Vincentia. O ral brooding 
of the eggs has been reported for this genus by 
G arnaud (1962, Fig. 10).
Sw im  Bl a d d e r  (Pls 1 and 3): Specimens of both 
species examined had an oval in the anterodorsal 
position and one to three composite bundles of retia 
mirabilia in the large gas gland.
O s t e o l o g y : The salient features are shown in 
Plates 5, 10, 13, 15, 17, 21, 23, 24, 25 and 31 and 
Tables 1 and 5.
Caudal skeleton (Pl. 5): Five hypurals, a par-
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hypural, three epurals, one pair of uroneurals and 
two autogenous haemal spines.
Vertebrae (Table 1): 10+ 15. Epipleurals on all 
but the last two pleural ribs.
Anal fin: Two spines, first pterygiophore with one 
spine; nine soft rays.
Dorsal fin: Eight spines in the first dorsal (see Pl. 
8); two spines on the first pterygiophore; the eighth 
spine developed, only partially obscured by skin and 
scales in V. novaehollandiae and completely obscured 
in V. conspersus. Second dorsal with one spine and 
nine soft rays.
Predorsals (Pl. 10): Three.
Pelvic gird le: No comment.
Pectoral girdle (Pl. 13): No free medial extrascapu­
lar. Posttemporal smooth.
Jaws (Pl. 15): Supramaxilla absent. A wide band 
of teeth on the dentary and premaxilla.
Suspensorium: A single row of fine teeth on the 
palatine; none on the ectopterygoid.
Branchial apparatus (Pl . 17): Gillrakers 16 to 19 
(12 to 13 well developed). Seven branchiostegal rays. 
Ceratohyal with the dorsal side smoothly concave.
Infraorbitals: Six, with a shelf on the third infra­
orbital.
Opercles (Pl. 21): The preopercle smooth on the 
ridge; serrate on the posterior and ventral edges.
Neurocranium  (Pls 23, 24, 25 and 31): Basi- 
sphenoid absent. The intercalary facet for the lower 
fork of the posttemporal included on the otic bulla. 
Vomer with a narrow band of fine teeth. Frontals 
with small crests.
Scales: Ctenoid. Lateral line complete, 25 to 27 
scales, two large external pores to each scale, the last 
scale highly modified with about eight pores on the 
dorsal and ventral borders respectively.
R e m a r k s : This genus is not closely allied to other 
Apogoninae, differing in having 10+ 15 vertebrae, 
and in having the following combination of charac­
ters: basisphenoid absent, eight first dorsal spines, 
no supramaxilla, serrated preopercle and large 
modified lateral-line scale on the caudal fin. I t also 
has a well developed m em brane uniting the inner 
pelvic ray to the abdomen. This genus may be 
distantly related to Phaeoptyx. Vincentia is the only truly 
temperate shallow water genus in the family Apo- 
gonidae.
Genus A ST R A P O G O N
Fowler, 1907
Astrapogon Fowler, 1907: 527 (type species Apogon 
stellatus Cope by original designation and mono-
typy).
M a ter ia l  E xam ined .
Astrapogon alutus (Jordan and Gilbert, 1882) UM M L 13400 
(1, 46.8) Florida, Dade Co., Biscayne Bay, 7 June 1963. 
Astrapogon puncticulatus (Poey, 1867) UM M L 19647 (4, 10.8— 
34.9) Florida, Monroe Co., 1 mile NE of Alligator Reef, 13 
Aug. 1967.
Astrapogon stellatus (Cope, 1869) UM M L 6340 (1, 39.1) 
Bahamas, West side of Flamingo Cay, 7 July 1959.
The genus was reviewed by Bohlke and Randall 
(1968). The three known species are restricted to the 
western Atlantic Ocean. All have a wide distribution 
from the south-eastern coast of the U nited States to 
Brazil, including most Caribbean Islands. Astrapogon 
stellatus is associated as a commensal only with the 
gastropod, Strombus gigas (Randall, 1964: 287) and 
the pelecypod, Atrina rigida (pers. obs.). Livingston 
(1971) reported on circadian rhythms in the three 
known species and found some genus-specific com­
ponents. All species have been observed to brood their 
eggs orally.
Sw im  B l a d d e r  (Pls 1 and 3): Specimens of all 
species examined had one to four composite bundles 
of retia m irabilia in a single horizontal row with a 
single large gas gland. Only one swim bladder 
showed an oval (lacking in the others) on the dorsal 
side at the anterior end.
O steo lo g y  : The salient features are shown in 
Plates 5, 8, 11, 13, 15, 17, 19, 21, 23, 24, 25 and 32 
and Tables 1 and 5.
Caudal skeleton (Pl. 5): Three hypurals (one and 
two; three and four are fused), a parhypural, three 
epurals, no uroneurals and two autogenous haemal 
spines closely associated with their respective verte­
brae. Hypurals three and four fused to terminal 
centrum.
Vertebrae (Table 1): 10 +  14. Epipleurals on all 
but the last two pleural ribs.
Anal fin: Two spines, first pterygiophore with one 
spine; soft rays eight.
Dorsal fin (Pl. 8): Seven dorsal spines in the first 
dorsal; the last spine always reduced and hidden by 
skin and scales; one spine on first pterygiophore. 
Second dorsal with one spine and eight or nine soft 
rays.
Predorsals (Pl. 10): None.
Pelvic girdle: No comment.
Pectoral girdle (Pl. 13): No free medial extra-
scapular. Posttemporal smooth.
Jaws (Pl. 15): Supramaxilla absent. W ide band of 
fine teeth on both jaws.
Suspensorium: Teeth on the palatines reduced to 
a single row of two to four teeth.
Branchial apparatus (Pls 17 and 19): No suspen­
sory pharyngeal. 14-15 (9-11 well developed) gill­
rakers. Seven branchiostegal rays. Ceratohyal with 
the dorsal side gently notched.
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Infraorbitals: Six, with a well developed shelf on 
the third infraorbital. A ligament from the shelf to 
the ectopterygoid and metapterygoid.
Opercles (Pl. 21): The preopercle smooth on the 
ridge, ventral and posterior edges.
Neurocranium  (Pls 23, 24, 25 and 32): No basi- 
sphenoid. The intercalary facet for the lower fork of 
the posttemporal included on the otic bulla. Vomer 
with a band of fine teeth. Frontals without crests.
Scales: Cycloid. No predorsal scales. Lateral line 
complete, 23 to 24 scales.
R e m a r k s : This is the most advanced genus in the 
New World. I t  differs from all other Apogoninae in 
lacking predorsals and predorsal scales. Astrapogon 
differs from Apogon in having lost the basisphenoid 
and suspensory pharyngeal, and in possessing cycloid 
scales (except Apogon affinis), three hypurals, smooth 
preopercular edges and having the inner membrane 
of the fifth pelvic ray attached to the abdomen for 
nearly its entire length. Phaeoptyx appears to be 
related to Astrapogon in the absence of the basi­
sphenoid and having a similar caudal skeleton. In all 
other respects, except for the large preopercular 
flap, Phaeoptyx is like Apogon. Astrapogon is not in ti­
mately related to Apogonichthys, long confused in the 
literature, which has a supramaxilla, three pre-
dorsals, a reduced basisphenoid, seven or eight spines 
in the first dorsal and a more primitive type of 
caudal skeleton.
Genus SIPH A M IA  
Weber, 1909
Neoscopelus Castelnau, 1875: 46 (type species Scopelus 
cephalotes Castelnau by monotypy. Note: junior 
homonym of Neoscopelus Johnston, 1863).
Siphamia W eber, 1909: 168 (type species Siphamia 
tubifer W eber by monotypy).
Adenapogon McCulloch, 1921: 132 (type species
Apogon roseigaster Ramsay and Ogilby by original 
designation).
Scopelapogon Whitley, 1933: 74 (type species Adenapo­
gon woodi McCulloch by original designation). 
Fodifoa Whitley, 1936: 26 (type species Foa fistulosa 
W eber by original designation and monotypy).
M a ter ia l  E xam ined .
Siphamia cephalotes (Castelnau, 1875) IB 3577 (2, 29.9-31.7) 
Australia, New South Wales, Woy Woy in estuary. 1956. 
Siphamia elongata Lachner, 1953 USNM 112099 (1, 34.9) 
Paratype (1 of 32). Philippines, Canmahala Bay between 
Burias and Luzon. 11 Mar. 1956.
Siphamia fuscolineata Lachner, 1953 USNM 142281 (1, 24.5) 
Paratype (1 of 37). Marshall Islands, Bikini Lagoon, 4 miles 
south of Bikini Island. 25 Apr. 1946.
Siphamia mossambica Smith, 1955 RUSI 1080 (2, 17.6-22.0) 
East Africa, Pinda.
Siphamia roseigaster (Ramsay and Ogilby, 1886) IB 1838-9 
(2, 55.1—59.8) Australia, Queensland, Brisbane River in 
prawn trawl, 24 Jan. 1947.
Siphamia versicolor (Smith and Radcliffe in Radcliffe, 1911) 
USNM 112269 (1, 22.4) Philippines, Masbate, Cataingan 
Bay. 18 Apr. 1908.
Siphamia woodi (McCulloch, 1921) USNM 48831 (2, 32.8-
37.2) Australia, Port Jackson. X-ray.
Siphamia zaribae Whitley, 1959 IB 6027 (1, 23.2) Australia, 
Queensland, Gillett. Oct. 1962.
Siphamia sp. USNM 203781 (1, 20.8) Borneo, Pulau Gaya, 
Darvel Bay, 1 Feb. 1965.
Siphamia sp. USNM 205670 (1, 17.9) Borneo, Pulau Gaya, 
Darvel Bay, 1 Feb. 1965.
Siphamia comprises a natural group, containing at 
least 18 nominal species, distinct from other apogonids. 
The exact num ber of valid species is uncertain. The 
genus occurs throughout the Indo-W est Pacific 
from the Red Sea and east African coast to Australia, 
the East Indies, to Jap an  and the M arshall Islands. 
At present most of the recognized species are con­
sidered to be endemic to various regions. Most 
species are very small (15-30 mm) but S. roseigaster 
exceeds 50 mm. Lachner (1953: 414-15) records 
some sexual dimorphism in body and head shape for 
some species of Siphamia. Males of some species have 
been taken while brooding eggs in their mouths 
(McCulloch, 1921; Lachner 1953; Tominaga, 1964). 
Fricke (1970) described the relationships between 
Siphamia argentea and Astropyga radiata an urchin. 
O ther authors have observed Siphamia associating 
with Diadema. Two Australian species, found in sub­
tropical and tem perate waters, have been taken in 
estuaries (McCulloch, 1921; Whitley, 1941; Scott, 
1962). Iwai (1958 and 1959) has studied the bio- 
luminous organ (bacterial) and modified muscle 
bands in S. versicolor and S. majimai, and H aneda 
(1965, 1966) on S. versicolor, S. roseigaster and others. 
This silvery tissue extends from the branchial region 
to the caudal peduncle along each side ventrally and 
is present in all species. Tom inaga (1964) gives some 
osteological data about S. elongata, S. versicolor, and 
S. majimai. Interestingly, he records eight branchioste- 
gal rays from at least one specimen of S. versicolor, 
however, there usually is no variation from the 
standard num ber of seven. M atsubara and Iwai 
(1958: 605, fig. 2) show eight branchiostegals in S. 
majimai. All specimens that I examined have seven 
branchiostegals. Smith (1955a) recorded S. mossam­
bica as having a vertebral count of 10 +  15 in one 
specimen. All of my specimens have 10 +  14 as did 
those recorded by Tom inaga (1964).
Swim Bladder (Pls 1 and 3): Specimens of S. 
cephalotes, S. elongata, S. fuscolineata, S. versicolor, S. 
zaribae and S. sp. have a single, composite bundle 
containing the retia m irabilia and associated gas 
gland. Only one specimen provided a completely 
intact air bladder and it had an oval on the dorsal 
side at the anterior end.
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O s t e o l o g y  : The salient features are shown in 
P la te s  5, 10, 13, 15, 18, 21, 23, 24, 25 and 33 and 
T a b le s  1 and 5.
Caudal skeleton (Pl. 7): Three hypurals (one and 
two; three and four are fused), two epurals, a 
parhypural, no uroneurals, and one or two auto­
genous haemal spines. (In the specimen of S. sp. 
USNM  205670 the first, second, third and fourth 
hypurals fuse and thus it has two hypurals rather than 
three.)
Vertebrae (Table 1): 10 +  14. Epipleurals on all 
but the last 1 to 4 pleural ribs.
Anal fin: Two spines, first pterygiophore with one 
spine; soft rays seven to nine.
Dorsal fins: Six or seven spines in the first dorsal; 
first pterygiophore with one or two spines (see Pl. 9). 
Those species with seven spines always with two spines 
on the first pterygiophore. Second dorsal with one 
spine and 8 to 10 soft rays.
Predorsals (Pl. 11): One or two; probably constant 
within each species. No correlation between the 
num ber of spines in the first dorsal and the num ber of 
predorsals. Six and seven spined species with either 
one or two predorsals.
Pelvic girdle: No comment.
Pectoral girdle (Pl. 22): M edial extrascapular 
absent (fused), or present only in S. roseigaster. Post-
temporal smooth or weakly serrated.
Jaws (Pl. 14): Supramaxilla absent. Bands of fine 
teeth present on the dentary and premaxilla.
Suspensorium: Teeth on palatines present, re­
duced to one to three teeth in S. roseigaster; none on 
the ectopterygoid. Hyom andibular elongated.
Branchial apparatus: Seven branchiostegal rays. 
12 to 20 (8 to 15 well developed) gillrakers. Cera- 
tohyal with the dorsal edge smoothly concave.
Infraorbitals: Six, with a well developed or slightly 
reduced shelf on the third infraorbital.
Opercles (Pl. 20): Preopercle strongly or weakly 
serrated on its ventral and posterior edge; smooth 
on the ridge; the upper arm  of the preopercle 
elongated.
Neurocranium  (Pls 24 and 37): No basisphenoid. 
The intercalary facet for the lower fork of the post-
temporal included on the otic bulla. Vomer with 
numerous teeth. No crests on the frontals.
Scales: Typically cycloid or weakly ctenoid.
Lateral line complete or incomplete, 9 to 24 scales.
R em arks : Siphamia can be treated as a member of 
the subfamily Apogoninae even though all species 
possess unique bioluminous (bacterial) bands. Three 
groups of species (Apogon ellioti group, Archamia, 
Rhabdamia) in the Apogoninae also possess biolumi­
nous (enzymatic) organs (Iwai and Asano, 1958; 
Haneda, Tsuji, and Sugiyama, 1969). W ithin the 
Apogoninae, Siphamia is not closely allied to any
known genus. Siphamia does not show the more funda­
mental changes that are apparent in the Epigoninae 
or Pseudaminae and thus I believe that the subfamily 
Siphaminae, recognized by some authors, should 
not be accepted. Nor am I able to find any cogent 
reasons for recognizing more than one genus (or 
perhaps subgenera).
G e n u s  C O R A N T H U S  
Smith, 1961
Coranthus Smith, 1961: 709 (type species Cheilodipterus
polyacanthus Vaillant by original designation and
m onotypy).
M a ter ia l  E xam ined .
Coranthus polyacanthus (Vaillant, 1877) RUSI 1061 (1, 126.0)
Reunion, June 1960. X-ray.
Coranthus, monotypic, is known only from two 
specimens both from Reunion. The species is found in 
deep water (150 m) for this shallow water subfamily. 
The specimen identified as Cheilodipterus singapurensis 
from Okinawa by K am ohara and Yamakawa (1967: 
5-6, fig. 2) probably belongs in Coranthus.
Sw im  B l a d d e r  (Pls 1 and 3): The specimen 
examined had an oval on the antero-dorsal side and 
the composite bundles of retia m irabilia appear to be 
in a circular pattern radiating from the centre of the 
gas gland.
O s t e o l o g y : The single specimen was studied b y  
aid of an X-ray negative.
Caudal skeleton: Five hypurals, a parhypural, 
three epurals, two pairs of uroneurals (?) and two 
autogenous haemal spines.
Vertebrae (Table 1): 10+14. Epipleurals on all but 
the last three pleurals.
Anal fin: Two spines, first pterygiophore with one 
spine; soft anal rays eight.
Dorsal fin: Seven spines in the first dorsal. (There 
may be a hidden eighth spine.) The first pterygio­
phore with two spines. Second dorsal with one spine 
and ten soft rays.
Predorsals: Three.
Pelvic girdle: No comment.
Pectoral girdle (Pl. 13): Posttemporal with two 
strong spines.
Jaw s: Supramaxilla large. Single row of teeth on 
the dentary with many teeth enlarged. A narrow band 
of fine teeth on premaxilla, with the outer row slightly 
enlarged and large symphyseal canines.
Suspensorium: A single row of teeth on the pala­
tine. No teeth on the ectopterygoids.
Branchial apparatus: Well developed gillrakers 18 
(5 +  13). Branchiostegal rays seven.
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Infraorbitals: Six.
O percles: Preopercle smooth on the ridge; serrated 
on the ventral and posterior edges.
Neurocranium : A single row of teeth on the vomer. 
Basisphenoid present and well developed. Frontals 
without much development of crests.
Scales: Ctenoid. Lateral line complete, 23 scales; 
m any branches above and below the central tube in 
each scale.
R e m a r k s : Coranthus is r e la te d  to  Cheilodipterus in  
s h a r in g  th e  c a n in e  te e th , th re e  p re d o rsa ls , a  w ell 
d e v e lo p e d  b a s isp h e n o id , s u p ra m a x il la  a n d  s im ila r  
b o d y  sh ap e . Coranthus d iffers  fro m  Cheilodipterus in  
h a v in g  a  seco n d  p a ir  o f  u ro n e u ra ls  ( ? ) ,  te n  soft d o rsa l 
ray s , sev en  d o rsa l sp ines, s e r ra te d  p o s tte m p o ra l,  
la te ra l  lin e  tu b e  w ith  m a n y  b ra n c h e s  a n d  co m p le te ly  
b la c k  p e r i to n e u m  (silv ery  in  Cheilodipterus).
Genus C H E IL O D IP T E R U S
Lacepede, 1802
Cheilodipterus Lacepede, 1802a. 539-40 (type species 
Cheilodipterus lineatus Lacepede by subsequent 
designation of Cuvier in Cuvier and Valenciennes, 
1828).
Aspro (Commerson) Lacepede, 1802 b: 273 non
binomial (type species Cheilodipterus macrodon 
Lacepede by Opinion 23, Zoological Nomen­
clature, 1910. N o t e : This is an error as Aspro of 
Commerson is a synonym of Ambassis, not Cheilo­
dipterus. Rejected name on the Official Index, 
Zoological Nomenclature, 1958).
Clodipterus Rafinesque 1815: 86, 88 (substitute name 
for Cheilodipterus Lacepede, 1802).
Chilodipterus Gunther 1859: 248 (substitute name for 
Cheilodipterus Lacepede, 1802).
Paramia Bleeker, 1963: 233 (type species Cheilodipterus 
quinquelineatus Cuvier in Cuvier and Valenciennes, 
1828 by monotypy).
Desmoamia Fowler and Bean, 1930: 123 (type species 
Cheilodipterus zonatus Smith and Radcliffe in Rad- 
cliffe, 1912 by original designation and mono­
typy).Cheilodipterops Schultz, 1940: 413 (type species Cheilo- 
dipterops isostigma Schultz by original designation 
and monotypy).
Fadamga Schultz, 1940: 416 (type species Cheilodipterus 
quinquelineatus Cuvier in Cuvier and Valencien­
nes, 1828 by original designation and monotypy).
M a t er ia l  E xam ined .
Cheilodipterus bipunctatus (Lachner, 1951) USNM 191722 (1,
35.0) Red Sea, Gulf of Aqaba.
Cheilodipterus isostigma (Schultz, 1940) USNM 154264 (1,
38.3) Caroline Islands, Palau in tide pool, 26 July 1949. 
Cheilodipterus lachneri Klausewitz, 1959 USNM 191713 (1, 
73.8) Red Sea, Eylath, Gulf of Aqaba, 5-9 Sept. 1960.
Cheilodipterus macrodon (Lacepede, 1802) USNM 142455 (1,
68.1) Marshall Islands, Bikini Atoll, Arji Island in lagoon,
7 Aug. 1946.
Cheilodipterus nigrotaeniatus Smith and Radcliffe in Radcliffe, 
1912 USNM 70252 Holotype (1, 64.6) Philippine Islands, 
Sacol Island east of Zamboango, 9 Sept. 1909, X-ray. USNM 
112304 (1, damaged) Moluccas.
Cheilodipterus quinquelineatus Cuvier in Cuvier and Valenci­
ennes, 1828 USNM (UNCAT) (1, 45.4) New Britain, 
Rabaul, near entrance to Simpson Harbour, 27 Feb. 1965. 
Cheilodipterus singapurensis Bleeker, 1859-60 USNM 14340 (1, 
72.5) Celebes, Burias, 7 Mar. 1908. CAS 470 (1, 109.9) 
Kapingamarangi Atoll, Tiurahi lagoon border reef, 19 
Aug. 1954.
Cheilodipterus truncatus Gunther, 1873 USNM 205672 (1,
118.7) Borneo, Pulau Bohidulong, Darvel Bay, 2 Feb. 1965. 
Cheilodipterus zonatus Smith and Radcliffe in Radcliffe, 1912 
USNM 70253 Holotype (1, 51.9) Philippine Islands, 
Palawan, South Rita and Endeavour Strait, 29 Dec. 1908, 
X-ray.
The species of Cheilodipterus comprise a natural 
group related to Apogon. This genus is in need of a 
re-evaluation of the species and nomenclature in the 
light of the work by Lachner (1953) and Smith (1961). 
There are at least 19 nominal and perhaps 9 to 11 
valid species. Cheilodipterus occurs from the east 
African coast and the Red Sea throughout the Indo- 
West Pacific to the Philippines and the M arshall 
Islands. Several species appear to be restricted to the 
Red Sea and another group to the East Indies. At 
least two species occur throughout the entire range of 
the genus. Species of Cheilodipterus have been reported 
to mouth-brood eggs (Lachner, 1953). At least two 
species appear to be sexually dimorphic in the overall 
size that is attained (Lachner, 1953: 487-8). Fishelson 
(1970) described the spawning behaviour of C. 
lineatus.
Sw im  B l a d d e r  (Pls 1 and 3): Two patterns were 
found in the placement of the composite bundles of 
retia m irabilia in the six species examined. One 
pattern was a horizontal row of 3 to 7 bundles (C. 
quinquelineatus, C. isostigma, and C. bipunctatus). The 
other pattern was in irregular, longitudinal rows 
branching off either side of the main artery for about 
half the length of the swim bladder (C. macrodon, 
C. lachneri, and C. singapurensis) but within the large 
compound gas gland. In  specimens of five species the 
swim bladder was completely intact after dissection 
and all but one showed the presence of an oval on the 
dorsal side at the anterior end.
O s t e o l o g y : The salient features of Cheilodipterus 
are shown in Plates 5, 11, 13, 14, 16, 17, 19, 21, 23, 24, 
25 and 34 and Tables 1 and 5.
Caudal skeleton (Pl. 5): Five hypurals, a parhy- 
pural, three epurals, one pair of uroneurals and two 
autogenous haemal spines.
Vertebrae (Table 1): 10+14. In  some species the 
first and usually the second neural spine expanded. 
Epipleurals on all but the last three pleurals.
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Anal fin: Two spines, first pterygiophore with one 
spine; soft rays eight.
Dorsal fin: Six spines in the first dorsal; the first 
pterygiophore with one spine. Second dorsal with one 
spine and nine soft rays.
Predorsals (Pl. 11): Three.
Pelvic girdle: No comment.
Pectoral girdle (Pl. 13): No free medial extra-
scapular. Posttemporal smooth or serrated.
Jaws (Pls 14 and 16): Supramaxilla reduced. N ar­
row band of fine teeth present or reduced, but always 
with some or most teeth in both jaws as enlarged 
canines.
Suspensorium: Teeth on the palatines in a narrow 
band, and may be reduced to only a few teeth. No 
teeth on the ectopterygoids.
Branchial apparatus (Pl. 17): Gillrakers 9 to 21 
with less than 15 well developed rakers. Seven 
branchiostegal rays. Ceratohyal with the dorsal side 
notched or smooth. No teeth on the second pharyn- 
giobranchial (See Pl. 19F) in C. singapurensis and C. 
truncatus.
Infraorbitals: Six, with a well developed shelf on the 
third infraorbital.
Opercles (Pl. 21): The preopercle smooth on the 
ridge; serrate to smooth on the posterior and ventral 
edges. Opercle with a single spine.
Neurocranium (Pls 23, 24, 25 and 34): Basisphe- 
noid well developed. The intercalary facet for the 
lower fork of the posttemporal barely included on the 
otic bulla. Vomer with a band of fine teeth. Frontals 
without crests.
Scales: Ctenoid, tending to weakly ctenoid. Lateral 
line complete, 23 to 26 scales.
R e m a r k s : Cheilodipterus does not m erit separate 
consideration at the subfamily level on the basis of 
having canine teeth. All other characters indicate that 
it belongs in the Apogoninae. Cheilodipterus is closely 
related to the genus Apogon but differs from Apogon 
in possessing large canine teeth and a supramaxilla 
(except from the subgenus Yarica which shares this 
latter character). Cheilodipterus is also allied to 
Coranthus. There is no representative of Cheilo­
dipterus in the Atlantic Ocean. Cheilodipterus affinis 
Poey and its junior synonym Paroncheilus stauchi 
Smith belongs to the genus Apogon, for A. affinis lacks 
both a supramaxilla and a pair of uroneurals, and has 
two predorsals (Fraser and Robins, 1970). In all 
respects A. affinis is related to Atlantic Apogon except for 
some enlarged teeth, nine soft anal rays, cycloid scales 
and behaviour of schooling (also see Smith et al., 1971). 
Cheilodipterus is not related to Scombrops, Dinolestes, 
Synagrops, or Pseuda mia with the only obviously similar 
character, the enlarged teeth, being a poor indicator 
of generic affinity.
W ithin Cheilodipterus, at least two types of groups
may be made. One can distinguish those species with 
relatively simple bundle patterns of retia mirabilia 
versus those with complex patterns. Dentition patterns 
and preopercle characters tend to reinforce such a 
possible division. A second division distinguishes 
among those species with a tooth patch on the second 
epibranchial and a notched ceratohyal versus those 
lacking this tooth patch and a smooth ceratohyal.
G e n u s  A P O G O N  
L a c e p e d e , 1802
Amia Gronow, 1763: 80 non binomial.
Apogon Lacepede, 1802a: 411 (type species Apogon 
ruber Lacepede by monotypy).
? Ostorhinchus Lacepede, 1802b: 23 nomen dubium (type 
species Ostorhinchus fleurieu Lacepede by monotypy. 
N o t e : Whitley (1959b: 315) believes this genus 
and species belong to the Oplegnathidae).
? Dipterodon Lacepede, 1802b: 167 nomen dubium (type 
species Dipterodon hexacanthus Lacepede by subse­
quent designation of Jo rdan  1917: 68).
Macrolepis Rafinesque, 1815: 86 (type species Apogon 
ruber Lacepede, a substitute name).
Amia Grey, 1854: 173 (type species Amia percaeformis 
Grey by monotypy. N o t e : preoccupied by Amia 
Linnaeus 1766).
Monoprion Poey, 1860: 123 (type species Monoprion 
maculata Poey by monotypy).
Lepidamia Gill, 1863: 81 (type species Amia kalosoma 
Bleeker by monotypy).
Pristiapogon Klunzinger, 1870: 715 (type species 
Apogon fraenatus Valenciennes by monotypy); 
Zoramia Jordan , 1917: 46 (type species Apogon graffei 
Gunther by original designation and monotypy). 
Nectamia Jordan, 1917: 47 (type species Apogon fuscus 
Quoy and Gaimard by original designation and 
monotypy).
Brephamia Jordan , 1922: 43 (type species Amia parvula 
Smith and Radcliffe in Radcliffe 1912 by original 
designation and monotypy in Jo rdan  and Jordan, 
1922).
Gronovichthys Whitley, 1929: 302 (type species Amia 
percaeformis Gray, a substitute name to replace 
Amia Gray 1854, preoccupied by Amia Linnaeus 
1766).
Lovamia Whitley, 1930a: 10 (type species Mullus 
fasciatus W hite by original designation).
Yarica Whitley, 1930a: 12 (type species Apogon 
hyalosoma var. torresiensis Castelnau by original 
designation and monotypy).
Aspiscus Whitley, 1930b: 251 (type species Apogon 
savayensis G unther by original designation and 
monotypy).
Apogonichthyoides Smith, 1949: 209 (type species Amia 
uninotatus Smith and Radcliffe in Radcliffe 1912 
by original designation and monotypy).
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Asperapogon Smith, 1961: 384 (type species Asperapogon 
rubellus Smith by original designation and mono-
typy).
Faydia Smith, 1961: 392 (type species Apogon ellioti 
Day by original designation).
Paroncheilus Smith, 1963: 621 (type species Paron- 
cheilus stauchi Smith by original designation and 
monotypy).
M a ter ia l  E xam ined .
Subgenus Apogon
Apogon americanus Castelnau, 1855 USNM 43297 (1, 83.5) 
Brazil, X-ray.
Apogon atradorsatus Heller and Snodgrass, 1903 USNM  65420 
(1, 47.3) eastern Pacific, Galapagos Islands, Chatham 
Island, 5 Jan. 1905. USNM 50018 (1, 58.5) eastern Pacific, 
Narburouch Island, Apr. 1899.
Apogon aurolineatus (Mowbray in Breder, 1927) UM M L 
19793 (1, 33.5) Florida, Monroe Co., 2 Aug. 1964. UM M L 
23870 (1, 44.5) 9° 31.2' N, 75° 41. 1' W, in 20 fms, 13 July 
1966.
Apogon binotatus (Poey, 1867) UM M L 5765 (1, 43.2) Baha­
mas, Cat Island, 17 July 1959. UM M L 19483 (2, 11.9-12.9) 
Florida, Monroe Co., 16 July 1965.
Apogon campbelli Smith, 1949 RUSI 348 Holotype (1, 39.8) 
Delagoa Bay, X-ray.
Apogon doryssa (Jordan and Seale, 1906) USNM 114966 (1,
35.0) Canton Island, 25-6 May 1939.
Apogon dovii Gunther, 1861 USNM 203773 (1, 38.9) Panama, 
Pearl Islands, San Jose Island, 3 Aug. 1966. UM M L 25063 
(1, 50.6) Panama, Venado Beach, 12 May 1967.
Apogon erythrinus Snyder, 1902 RUSI 1063 (1, 39.5) Easter 
Island off Ahu Akapu, 5 Feb. 1969.
Apogon imberbis (Linnaeus, 1758) USNM 196298 (1, 65.8) 
Lebanon, Beirut, Dahr El-Hurj. USNM 19884 (1, 62.3) 
Lebanon, Ain Mreisse, 2 Apr. 1962. UM M L 16830 (1, 53.6) 
Gulf of Guinea, 5° 25' N, 0° OF W, in 28 fms, 27 May 1964. 
Apogon lachneri Bohlke, 1959 UM M L 9525 (1, 43.3) Mexico, 
Cozumel Island, 10 July 1961.
Apogon maculatus (Poey, 1856-58) UM M L 19977 (2, 17.3—
22.4) Florida, Monroe Co., 21 Aug. 1961. UM M L 22505 
(1, 67.0) Panama, Limon Bay, 4 July 1966.
Apogon pacificus Herre, 1935 USNM 120225 (1, 35.9) Mexico, 
Acapulco.
Apogon pillionatus Bohlke and Randall, 1968 RUSI 1064 (1,
40.3) Mexico, Cozumel Island, 20 Oct. 1968.
Apogon planifrons Longley and Hildebrand, 1940 UM M L 
21281 (1, 80.8) Mexico, Cozumel Island, 7 July 1963. 
Apogon pseudomaculatus Longley, 1932 UM M L 19365 (1,
53.2) Florida, Monroe Co., 27 Aug. 1965.
Apogon quadrisquamatus Longley, 1934 UM M L 23927 (1,
47.5) 9° 20.5' N, 80° 13.5' W, in 35 fms, 20 July 1966. 
Apogon retrosella (Gill, 1862) USNM 167561 (1, 51.8) Mexico, 
Puerto Refugio, Isla Angel de la Guarda.
Apogon robinsi Bohlke and Randall, 1968 ANSP 97166 (1,
48.4) Bahamas, Green Cay, 14 Nov. 1959.
Apogon semiornatus Peters, 1876 RUSI 1065 (1, 46.7) 
Zanzibar.
Apogon townsendi (Breder, 1927) UM M L 9514 (1, 38.1) 
Mexico, Cozumel Island, 10 July 1961.
Subgenus Brepham ia
Apogon parvulus (Smith and Radcliffe in Radcliffe, 1912) 
USNM 171157 (1, 26.4) Philippine Islands, Tataan Island, 
21 Feb. 1908. USNM 203776 (1, 25.4) Borneo, Pulau 
Bohidulong, Darvel Bay, 2 Feb. 1965.
Subgenus L ep id am ia
Apogon multitaeniatus Ehrenberg in Cuvier and Valenciennes, 
1828 CAS 2183 (1, 66.9) Gulf of Thailand, Rayong Pro- 
vince, Koh Kroi Island, 30 Apr. 1960.
Apogon noorzeiki Bleeker, 1859 USNM 175754 (1,98.5) X-ray.
Subgenus N ectam ia
Apogon albomarginatus (Smith and Radcliffe in Radcliffe, 
1912) USNM 163228 (2, 52.9-57.1) Philippine Islands, 
Lubang Island, Tilig, 14 July 1908.
Apogon amboinensis Bleeker, 1853 USNM 177676 (1, 66.2) 
Simalur Sea, Sinabang Bay, 1913.
Apogon angustatus (Smith and Radcliffe in Radcliffe, 1911) 
USNM 205667 (1, 48.4) Borneo, Pulau Bohidulong, Darvel 
Bay, 2 Feb. 1965.
Apogon apogonides (Bleeker, 1856) RUSI 1069 (1, 65.7) East 
Africa.
Apogon aroubiensis Hombron and Jacquinot, 1853 USNM 
151465 (1, 50.2) Philippine Islands, M aricanban Island, 
20 Jan. 1908.
Apogon aureus (Lacepede, 1803) USNM 171272 (1, 83.6) 
Philippine Islands, Luzon, Batangas Market, 7 June 1908. 
Apogon bandanensis Bleeker, 1854 USNM 205668 (1, 50.3) 
Borneo, Pulau Gaya, Darvel Bay, 1 Feb. 1965.
Apogon carinatus Cuvier in Cuvier and Valenciennes, 1828 
USNM 57719 (1, 87.2) Japan.
Apogon chrysopomus Bleeker, 1854 USNM 175190 (1, 74.3) 
Philippine Islands, Samar, Catbalagan, 15 Apr. 1908. 
Apogon compressus (Smith and Radcliffe in Radcliffe, 1911) 
USNM 169675 (1, 63.0) Philippine Islands, Point Uson, W. 
of Pinas Island, 17 Dec. 1909.
Apogon cooki Macleay, 1881 USNM 173851 (1, 62.5) 
Australia, Northern Territory, Coral reef at Yirrhala, 14 
July 1948.
Apogon cyanosoma Bleeker, 1853 RUSI 1070 (1, 42.5) Mozam­
bique Island, June 1950.
Apogon darnleyensis (Alleyne and Macleay, 1877) USNM 
173836 (1, 48.0) Australia, Port Bradshaw, X-ray.
Apogon doederleini Jordan and Snyder, 1901 USNM 192535 
(1, 56.0) Formosa, Taiwan, Peng-Hu, Pescadores Island. 
Apogon ellioti Day, 1875 USNM 149366 (1, 69.9) Philippine 
Islands, San Fernando Point, 10 May 1909. USNM 203782 
Burma, Andaman Sea, 30 Mar. 1963.
Apogon endekataenia Bleeker, 1852 USNM 111720 (1, 60.5) 
Samoa, Apia, 1902.
Apogon fasciatus (White, 1790) IB 7331 (1, 62.0) Australia, 
New South Wales, Quarantine Beach, 11 June 1963.
Apogon f lagelliferus (Smith, 1961) RUSI 351 Holotype (1,
105.0) Mozambique, Island of Mozambique. X-ray.
Apogon fraxineus (Smith, 1961) RUSI 1071 (1, 57.7) No data, 
East Africa.
Apogon griffini (Seale, 1910) USNM 171428 (1, 90.2) 
Philippine Islands, Catbalogan Bay, 16 Apr. 1908.
Apogon hartzfeldi Bleeker, 1852 USNM 171177 (1, 59.8) 
Philippine Islands, Samar, Catbalogan Bay, 15 Apr. 1908. 
USNM 171173 (1, 29.5).
Apogon kiensis Jordan and Snyder, 1901 USNM 71232 (1,
58.0) Japan, Shimizu, 1906.
Apogon lateralis Valenciennes, 1832 USNM 169600 (1, 43.0) 
Philippine Islands, San Pascual, Burias Island, 8 M ar. 1909. 
Apogon maculiferus Garrett, 1863 USNM 149981 (1, 49.0) 
Hawaii, Oahu, Waikiki, 6 Mar. 1942.
Apogon margaritophorus Bleeker, 1854 USNM 171353 (2, 
35.0-35.1) Borneo, Sandaha Bay, 2 Mar. 1908.
Apogon melas Bleeker, 1848 USNM 171512 (1, 55.5) Philip­
pines.
Apogon moluccensis Valenciennes, 1832 USNM 32736 (1, 72.0) 
Apogon monochrous Bleeker, 1856 USNM 169641 (1, 47.3) 
Philippine Islands, Mindoro, Mansalay, 4 June 1905.
Apogon multilineatus (Bleeker, 1865) USNM 203772 (1, 43.7) 
Keraward Island in St. George’s Channel.
Apogon mydrus (Jordan and Seale, 1905) USNM 51946 
Holotype (1, 17.8) Philippine Islands, Negros. X-ray. 
Apogon niger Doderlein in Steindachner and Doderlein, 1884 
USNM 71246 (1, 58.1) Japan, Kagoshima, 1906.
Apogon nigripes Playfair, 1866 RUSI 1072 (1, 44.5) No data, 
East Africa.
Apogon nigrocinctus (Smith and Radcliffe in Radcliffe, 1911) 
USNM 171116 Philippine Islands, 15 Feb. 1908.
Apogon nitidus (Smith, 1961) RUSI 344 Holotype (1, 61.9) 
Mozambique, Inhaca. X-ray.
18
Apogon notatus (Houttuyn, 1782) USNM 171265 (1, 43.7) 
Philippine Islands, Raygay Gulf, 11 Mar. 1909.
Apogon nubilus Garman, 1903 USNM 112348 (1, 62.3) 
Marshall Is., Eniwetok Atoll, 1 June 1947.
Apogon opercularis Macleay, 1878 USNM 173869 (1, 45.4) 
Australia, Yirrhala, coral reef, 14 July 1948.
Apogon quadrifasciatus Cuvier in Cuvier and Valenciennes, 
1828 USNM 171465 (1,45.4) Philippine Islands, Cavite and 
San Rogue Market, 22 June 1908.
Apogon queketti Gilchrist, 1903 USNM 203783 (1, 53.0) 
Arabian Sea in 38.5 fms, Anton Bruun, Cr. 4B St. 213A, 17 
Nov. 1963.
Apogon rubellus (Smith, 1961) RUSI 347 Holotype (1, 70.9) 
Matemo Island, Mozambique, Aug. 1951. X-ray. RUSI 
1075 Paratype (1, 50.7) Zanzibar, 9 July 1952. RUSI 1076 
Paratype (1, 76.8) Zanzibar, 9 July 1952. X-ray.
Apogon rueppelli Gunther, 1859 USNM 173872 (1, 53.2) 
Australia, Northern Territory, entrance to Port Bradshaw, 
24 July 1948.
Apogon sangiensis Bleeker, 1857 RUSI 1073 (1, 52.8) 
Mozambique, Pinda, July 1950.
Apogon savayensis Gunther, 1871 USNM 58522 (1, 60.1) 
Samoa, Pago Pago.
Apogon schlegeli Bleeker, 1854 USNM 49822 (1, 89.8) Japan, 
Nagasaki, Hiezen, X-ray.
Apogon sealei (Fowler, 1918) USNM 84188 (1, 79.1) Philip­
pine Islands, Cebu, 1914. X-ray.
Apogon semilineatus Schlegel, 1846 USNM 71366 (1, 76.6) 
Japan, Misaki, Sagami Bay, 1906.
Apogon striatus (Smith and Radcliffe in Radcliffe, 1912) 
USNM 203784 (1, 47.8) Andaman Sea, 31 Mar. 1963. 
Apogon taeniatus Ehrenberg in Cuvier and Valenciennes, 1828 
RUSI 1074 (1, 80.2) Mozambique Island, 17-18 Oct. 1950. 
Apogon talboti Smith, 1961 RUSI 353 Holotype (1, 88.5) 
Zanzibar. X-ray.
Apogon uninotatus (Smith and Radcliffe in Radcliffe, 1911) 
USNM 196481 (1, 44.9) Persian Gulf, Tarut Bay, 26 Sept. 
1956.
Apogon sp. RUSI 1077 (1, 108.0) Easter Island off Ahu 
A k apu ,5 Feb. 1969.
Apogon sp. USNM 203774 (2, 47.8-48.5) 14° 07' N, 97° 05' E, 
Andaman Sea, 30 Mar. 1963.
Subgenus Paroncheilus
Apogon affinis (Poey, 1876) UM M L 19419 (1, 45.4) Florida, 
Monroe Co., 2 July 1965. UM M L 16390 (1, 61.6) Gulf of 
Guinea, 4° 46' N, 2° 30' W, in 33-35 fms, 28 May 1964.
Subgenus Pristiapogon
Apogon exostigma (Jordan and Starks, 1906) USNM 112354 
(1, 70.0) Marshall Islands, Arji Island, 7 Aug. 1946.
Apogon fraenatus Valenciennes, 1832 USNM 149279 (1, 44.9) 
Philippine Islands, San Miguel Island, Tabaco Bay, 4 
June 1909.
Apogon snyderi Jordan and Evermann, 1903 USNM 112337 
(1, 69.5) Johnston Island, northern Ocean reef, 28-9 Aug.
1947.
Subgenus P risticon (N ew  Subgenus)
Apogon trimaculatus Cuvier in Cuvier and Valenciennes, 1828 
USNM 51733 (1, 86.0) Samoa, 1902.
Apogon unicolor Doderlein in Steindachner and Doderlein, 
1884 USNM 57686 (1, 40.5) Japan. USNM 173833 (1, 
87.7) Australia, Yirrhala near Cape Arnhem, 11 Aug.
1948. X-ray.
Subgenus Y a rica
Apogon hyalosoma Bleeker, 1852 USNM 171576 (1, 93.2) 
Philippine Islands, Luzon, Paucol, Malampaya Island, 25 
Dec. 1908. USNM 203777 (1, 45.2) Thailand, Phuket, 
Patong Bay, 22 Mar. 1963.
Subgenus Zapogon (N ew  Subgenus)
Apogon anisolepis Bohlke and Randall, 1968 RUSI 1066 (1,
26.1) Bahamas, Acklins Island, 16 Jan. 1968. RUSI 1067 
(1, 83.5) Mexico, Cozumel Island, 22 Oct. 1968.
Apogon evermanni Jordan and Snyder, 1904 USNM 51487 
Holotype (1, 113.0) Hawaii, X-ray. RUSI 1068 (1, 35.5) 
Hawaii, Waimeae Bay, Dahu Island, 7 June 1968.
Subgenus Zoram ia
Apogon fragilis Smith, 1961 RUSI 357 Holotype (1, 34.6) 
Mozambique, Pinda Reef. X-ray.
Apogon graffei Gunther, 1873 USNM 52407 (1, 39.8) Samoa, 
Apia.
Apogon hypselonotus Bleeker, 1855 USNM 179688 (1, 32.1) 
Philippine Islands, Palawan, Endeavour Straits, 22 Dec. 
1908.
Apogon leptacanthus Bleeker, 1856 USNM 179690 (1, 32.6) 
Philippine Islands, Luzon, near Palay Bay, 16 June 1909.
Apogon as treated here is a large and varied group. 
Even though several groups have been removed to 
other genera, Apogon may still constitute an unnatural 
taxon. More than any other genus, Apogon will not be 
well understood at the supra-specific level until the 
systematics of the species are better known.
The num ber of nominal species may exceed 250. 
Recent faunal reviews have added to the systematic 
knowledge but have not included comprehensive 
coverage of the species (Bohlke and Randall, 1968; 
Bohlke and Chaplin, 1968; Lachner, 1953; Smith, 
1961). Apogon is the only genus in the Apogoninae that 
occurs in all tropical and sub-tropical oceans. Gar- 
naud (1962) has described the apparent internal 
fertilization of the ova in Apogon imberbis. M any species 
have been reported to incubate the eggs orally (Breder 
and Rosen, 1966). A peculiar m andibular flap has 
been reported for Apogon affinis in brooding individuals 
(Smith et al., 1971). Apogon ellioti and A. striatus have 
bioluminous organs associated with the alimentary 
canal (Haneda et al., 1969; Iwai and Asano, 1958) and 
I suspect that other such species will be found. 
Livingston (1971) studied the circadian rhythms in 
five species of Apogon and found some stable compo­
nents which he related to specific and generic levels, 
and partially to observed behaviourial activity in the 
field.
There are at least ten subgeneric groups in Apogon, 
some of which may be unnatural. The proposed clas­
sification gives workers a framework for future 
testing.
Osteological information is unavailable except for 
scattered articles: G arnaud (1962) on the head of A. 
imberbis; Nag (1967: 530 and fig. 5) on the caudal 
skeleton of A. menesemus; Tom inaga (1967 a & b) on 
aspects of the oral region for three species and the 
alimentary canal of four species; Kusaka (1969, fig, 
3) on the urohyal of A. semilineatus; Fraser and Robins 
(1970) discussed aspects of the osteology of the sub-
genus Paroncheilus.
Sw im  B l a d d e r  (Pls 1 and 3): Thirty-nine swim 
bladders of 60 species were sufficiently intact to detect 
the oval which was invariably found on the dorsal side 
at the anterior end. Five intact swim bladders did not 
show an oval anywhere. Most specimens had from one
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to nine composite bundles of retia m irabilia in a 
single horizontal row, typically one to four. Some 
species, however, had from 8 to 20 bundles in a single 
horizontal row, semi-circular, or circular pattern. All 
had a single or complex gas gland associated with the 
simplest to the more complex retial patterns.
O s t e o l o g y : Some salient features are shown in 
Plates 5, 6, 8, 11, 13, 15, 16, 17, 18, 19, 20, 22, 23, 24, 
25 and 35 and Tables 1 and 2. Features which charac­
terize Apogon a re : five free hypurals, three epurals, a 
well developed basisphenoid, serrated posterior edge of 
preopercle, nine segmented second dorsal rays, usu­
ally eight segmented anal rays, no supramaxilla 
(except Yarica), ctenoid scales (except Paroncheilus) , 
infraorbital shelf (except Zoramia) and pored lateral 
line complete (except Brephamia). A description of each 
subgenus is given.
S u bg enu s  APOGON  
L a c e p e d e , 1802
Caudal skeleton (Pl. 6): Five hypurals (three and 
four fused in one A. dovii), a parhypural, three 
epurals, no uroneurals and two autogenous haemal 
spines.
Vertebrae (Table 1): 10+14. Epipleurals on all 
or absent on the last one or two pleural ribs.
Anal fin: Two spines, the first pterygiophore with 
one spine; eight soft rays.
Dorsal fin (Pl. 8): Six spines in the first dorsal; one 
spine on the first pteyrygiophore. Second dorsal with 
one spine and nine soft rays.
Predorsals (Pl. 11): Two.
Pelvic girdle: No comment.
Pectoral girdle (Pl. 13): No free medial extra-
scapular. Posttemporal smooth or weakly serrated.
Jaws (Pl. 15): Supramaxilla absent. A band of fine 
teeth on the dentary and premaxilla.
Suspensorium: A band or single row of fine teeth 
(absent in A. quadrisquamatus) on the palatine; none on 
the ectopterygoid.
Branchial apparatus (Pl. 17): 15 to 24 (9 to 19 well 
developed) gillrakers. Seven branchiostegal rays. 
Ceratohyal with the dorsal side notched. No dentate 
suture between the ceratohyal and epihyal.
Infraorbitals: Six, with a well developed shelf on 
the third infraorbital. A ligament from the edge of the 
shelf to the ectopterygoid and metapterygoid in some 
species.
Opercles (Pl. 22): Preopercular ridge smooth; 
serrated posterior edge (ventral edge poorly ossified).
Neurocranium  (Pls 23, 24, 25 and 35): Intercalary 
facet for the lower fork of the posttemporal included 
on otic bulla. No crests on frontals. Vomer with a band 
of teeth.
Scales: Ctenoid. Lateral line complete, 23 to 25 
scales.
Su bg en u s  BREPH AM IA  
J o r d a n , 1922
Caudal skeleton: Five hypurals, a parhypural, three 
epurals, no uroneurals and two autogenous haemal 
spines.
Vertebrae (Table 1): 10 +  14. Epipleurals on all 
but the last two pleural ribs.
Anal fin: Two spines, the first pterygiophore with 
one spine; eight soft anal rays.
Dorsal fins: Six spines in the first dorsal; one spine 
on the first pterygiophore. Second dorsal with one 
spine and nine soft rays.
Predorsals: Two.
Pelvic gird le: No comment.
Pectoral girdle (Pl. 13): No free medial extra-
scapular. Posttemporal smooth.
Jaw s: Supramaxilla absent. A single row of small 
teeth on the dentary and premaxilla.
Suspensorium: No teeth on the palatine or ecto- 
pterygoid.
Branchial apparatus: 24 to 26 gillrakers (all well 
developed). Seven branchiostegals. Ceratohyal with 
the dorsal side notched. No dentate suture between the 
ceratohyal and epihyal.
Infraorbitals: Six, with a well developed shelf on the 
third infraorbital. A ligament from the anterior edge 
of the infraorbital shelf to the ectopterygoid (?) and 
caudad along the edge of the shelf to the m etaptery­
goid.
Opercles: Preopercle with the ridge smooth;
serrated posterior and ventral edges.
Neurocranium : Intercalary facet for the lower fork 
of the posttemporal included on the otic bulla. No 
crests on the frontals. Dentition on vomer reduced to 
four teeth or absent.
Scales: Ctenoid. Lateral line incomplete, six pored 
scales, ending before the end of the first dorsal fin.
S u bg enu s  LEPID AM IA  
G il l , 1863
Caudal skeleton: Five hypurals, a parhypural, three 
epurals, one pair of uroneurals and two autogenous 
haemal spines.
Vertebrae (Table 1): Epipleurals on all except the 
last pleural rib.
Anal fin: Two spines, the first pterygiophore with 
one spine; eight soft rays.
Dorsal f in : Eight spines in the first dorsal, with the 
eighth spine reduced and hidden beneath skin and 
scales (see Pl. 8); two spines on the first pterygio­
phore. Second dorsal with one spine and nine soft rays.
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Predorsals: Three.
Pelvic girdle: No comment.
Pectoral girdle (Pl. 13): No free medial extra-
scapular. Posttemporal serrated.
Jaws: Supramaxilla absent. A band of fine teeth on 
the dentary and premaxilla.
Suspensorium: A narrow band of fine teeth on the 
palatine; none on the ectopterygoid.
Branchial apparatus: 18 to 20 (9 to 10 well deve­
loped) gillrakers. Seven branchiostegal rays. Cera- 
tohyal with the dorsal side notched. No dentate suture 
between the ceratohyal and epihyal.
Infraorbitals: Six, with a well developed shelf on the 
third infraorbital. A ligament from the edge of the 
shelf to the ectopterygoid and metapterygoid.
Opercles: Preopercular ridge smooth; serrated 
posterior and ventral edges.
Neurocranium : Intercalary facet for the lower fork 
of the posttemporal included on otic bulla. No crests 
on frontals. Vomer with a band of teeth.
Scales: Ctenoid. Lateral line complete, 35 to 37 
scales.
Su bg enu s  N E C T A M IA 
J o r d a n , 1917
Caudal skeleton (Pl. 5): Five hypurals (one and two 
fused in both specimens of A. margaritophorus), a 
parhypural, three epurals, one pair of uroneurals, and 
two autogenous haemal spines.
Vertebrae (Table 1): 10 +  14. Epipleurals on all but 
the last two pleural ribs.
Anal fin: Two spines, the first pterygiophore with 
one spine; eight soft rays (nine in A. compressus and 
A. rueppelli).
Dorsal fin (Pl. 8): Six, seven or eight spines in the 
first dorsal, eighth spine always reduced and hidden; 
one or two spines on the first pterygiophore. Second 
dorsal with one spine and nine soft rays.
Predorsals (Pl. 11): Three (two in A. queketti).
Pelvic girdle: No comment.
Pectoral girdle (Pl. 13): No free medial extra-
capular. Posttemporal smooth or weakly serrated.
Jaw s: Supramaxilla absent. Teeth in a wide band, a 
narrow band, or one row on the dentary and pre-
maxilla.
Suspensorium: Teeth in a narrow band, usually one 
or two rows, occasionally absent on the palatine; 
none on the ectopterygoid.
Branchial apparatus (Pl. 17): 18 to 29 (10 to 27 
well developed) gillrakers. Seven branchiostegal rays. 
Ceratohyal with the dorsal side notched. No dentate 
suture between the ceratohyal and epihyal.
Infraorbitals: Six, with a well developed shelf on the 
third bone; upper edges occasionally with weak ser­
rations. A ligament from the edge of the shelf to the
ectopterygoid and metapterygoid in most species.
Opercles: Preopercular ridge smooth to weakly 
serrated at the angle; posterior and ventral edges 
serrated.
Neurocranium : Intercalary facet for the lower fork 
of the posttemporal included on otic bulla. Frontals 
usually not with developed crests. Vomer with a nar­
row band to a single row of teeth.
Scales: Ctenoid. Lateral line complete, 23 to 26 
scales.
Su bg enu s  PARONCHEILUS 
S m it h , 1963
Caudal skeleton: Five hypurals, a parhypural, 
three epurals, no uroneurals and two autogenous 
haemal spines.
Vertebrae (Table 1): 10 +  14. Epipleurals on all 
but the last two pleural ribs.
Anal fin: Two spines, the first pterygiophore with 
one spine; nine soft rays.
Dorsal f in : Six spines in the first dorsal; one spine 
on the first pterygiophore. Second dorsal with one 
spine and nine soft rays.
Predorsals: Two.
Pelvic g ird le: No comment.
Pectoral girdle (Pl . 13): No free medial extra-
scapular. Posttemporal smooth.
Jaws (Pl . 16): Supramaxilla absent. A single row of 
teeth on the dentary and premaxilla with some 
enlarged as canines.
Suspensorium: A single row of teeth on the pala­
tines; none on the ectopterygoid.
Branchial apparatus (Pl. 17): 13 to 15 (13 to 14 well 
developed) gillrakers. Seven branchiostegals. Cera­
tohyal with the dorsal side notched. No dentate suture 
between the ceratohyal and epihyal.
Infraorbitals: Six, with a well developed shelf on the 
third infraorbital. A ligament from the shelf to the 
ectopterygoid and metaterygoid.
Opercles: Preopercular ridge smooth; serrated 
posterior edge (ventral edge not well ossified).
Neurocranium : Intercalary facet for the lower fork 
of the posttemporal included on otic bulla. No crests 
on frontals. Vomer with a few teeth.
Scales: Cycloid (to weakly ctenoid). Lateral line 
complete, 23 to 24 scales.
S u bg enu s  P R IST IA POGON  
K l u n z in g e r , 1870
Caudal skeleton: Five hypurals, a parhypural, 
three epurals, no uroneurals and two autogenous 
haemal spines.
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Vertebrae (Table 1): 10 +  14. Epipleurals on all but 
the last two pleural ribs.
Anal fin: Two spines, the first pterygiophore with 
one spine; eight soft rays.
Dorsal fin: Seven spines in the first dorsal; two 
spines on the first pterygiophore. Second dorsal with 
one spine and nine soft rays.
Predorsals: Three.
Pelvic girdle: No comment.
Pectoral girdle (Pl. 13): No free medial extra-
scapular. Posttemporal smooth or weakly serrated.
Jaw s: Supramaxilla absent. A wide band of fine 
teeth on the dentary and premaxilla.
Suspensorium: Teeth on palatine, when present, in 
one irregular or regular row; none on the ectopte- 
rygoid.
Branchial apparatus (Pl. 17): 17 to 19 (11 to 14 
well developed) gillrakers. Seven branchiostegal rays. 
Ceratohyal with the dorsal side notched. No dentate 
suture between the ceratohyal and epihyal.
Infraorbitals: Six, with a well developed shelf on the 
third infraorbital. First, second and third infraorbital 
with the upper edge serrated. A ligament from the 
edge of the shelf to the ectopterygoid and meta- 
pterygoid.
Opercles (Pl. 20): Preopercular ridge serrated; 
posterior and ventral edges serrated.
Neurocranium : Intercalary facet for the lower fork 
of the posttemporal barely included on the otic bulla. 
No crests on the frontals. Vomer with single row of 
teeth.
Scales: Ctenoid. Lateral line complete, 23 to 25 
scales.
PRISTICON new  subgenus
Type-species: Apogon trimaculatus Cuvier,
in Cuvier and Valenciennes (1828: 115-16).
Caudal skeleton: Five hypurals, a parhypural, 
three epurals, one pair of uroneurals and two auto­
genous haemal spines.
Vertebrae (Table 1): 10 +  14. Epipleurals on all 
but the last pleural rib.
Anal fin: Two spines, the first pterygiophore with 
one spine; eight soft rays.
Dorsal fin: Six spines in the first dorsal; one spine 
on the first pterygiophore. Second dorsal with one 
spine and nine soft rays.
Predorsals: Three.
Pelvic gird le: No comment.
Pectoral girdle (Pl. 13): No free medial extrasca­
pular. Posttemporal weakly serrated.
Jaw s: A wide band of fine teeth on the dentary and 
premaxilla.
Suspensorium: A band of fine teeth on the palatine; 
none on the ectopterygoid.
Branchial apparatus: 19 to 23 (10 to 15 well 
developed) gillrakers. Seven branchiostegals. Cera­
tohyal with the dorsal side notched. No dentate suture 
between the ceratohyal and epihyal.
Infraorbitals: Six, with a well developed shelf on 
the third infraorbital. Third, fourth and fifth infra-
orbitals with the upper edges serrated. A ligament 
from the anterior edge of the shelf to the ectopterygoid 
and caudad along the edge of the shelf to the m eta-
pterygoid.
O percles: Preopercular ridge serrated; posterior 
and ventral edges serrated. Occasionally small 
serrations on the interopercle.
N eurocranium : Intercalary facet for the lower fork 
of the posttemporal included on otic bulla. No 
crests on frontals. Vomer with a narrow band of fine 
teeth.
Scales: Ctenoid. Lateral line complete, 23 to 24 
scales.
E t y m o l o g y : Pristes (saw) and Icon (likeness)
referring to the serrated bones on the head and to the 
similarities found in Pristiapogon. Gender: feminine.
S u bg enu s  YARICA 
W h it l e y , 1930
Caudal skeleton: Five hypurals, a parhypural, 
three epurals, one pair of uroneurals and two auto­
genous haemal spines.
Vertebrae (Table 1): 10+14. Epipleurals on all 
but the last pleural rib.
Anal fin: Two spines, the first pterygiophore with 
one spine; eight soft rays.
Dorsal fin: Six spines in the first dorsal; one spine 
on the first pterygiophore. Second dorsal with one 
spine and nine soft rays.
Predorsals: Three.
Pelvic girdle: No comment.
Pectoral girdle (Pl. 13): No free medial extrasca­
pular. Posttemporal smooth.
Jaw s: Supramaxilla present (see Pl. 14). A band 
of fine teeth on the dentary and premaxilla.
Suspensorium: A band of fine teeth on the palatine; 
none on the ectopterygoid.
Branchial apparatus: Eight well developed gill­
rakers. Seven branchiostegal rays. Ceratohyal with 
the dorsal side notched. No dentate suture between 
the ceratohyal and epihyal.
Infraorbitals: Six, with a well developed shelf on 
the third infraorbital. A ligament from the anterior 
edge of the infraorbital shelf to the ectopterygoid and 
caudad along the edge of the shelf to the m etaptery­
goid.
Opercles: Preopercle with the ridge smooth;
serrated posterior and ventral edges.
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Neurocranium : Intercalary facet for the lower 
fork of the posttemporal not included on the otic 
bulla. No crests on frontals. Vomer with a narrow 
band of teeth.
Scales: Ctenoid. Lateral line complete, 24 to 26 
scales.
ZAPOGON new  subgenus
Type-species: Apogon evermanni Jo rdan  and Snyder 
(1904: 123-4)
Caudal skeleton: Five hypurals, a parhypural, 
three epurals, one pair of uroneurals and two auto­
genous haemal spines.
Vertebrae (Table 1): 10 14. Epipleurals on all
but the last two pleural ribs.
Anal fin: Two spines, the first pterygiophore with 
one spine; eight soft rays.
Dorsal fin: Six spines in the first dorsal; one spine 
on the first pterygiophore. Second dorsal with one 
spine and nine soft rays.
Predorsals: Two.
Pelvic girdle: No comment.
Pectoral girdle (Pl. 13): No free medial extra-
scapular. Posttemporal smooth.
Jaws: Supramaxilla absent. A wide band of fine 
teeth on the dentary and premaxilla.
Suspensorium: A band of fine teeth on the pala­
tines; none on the ectopterygoid.
Branchial apparatus: 20 to 22 (15 to 17 well 
developed) gillrakers. Seven branchiostegals. Cera- 
tohyal with the dorsal side nearly smooth. No dentate 
suture between the ceratohyal and epihyal.
Infraorbitals: Six, with a well developed shelf on 
the third infraorbital. A ligament from the anterior 
edge of the infraorbital shelf to the ectopterygoid and 
caudad along the edge of the shelf to the m etaptery­
goid.
Opercles: Preopercle with the ridge smooth;
serrated posterior edge.
Neurocranium : Intercalary facet for the lower fork 
of the posttemporal included on the otic bulla. Vomer 
with a narrow band of teeth. No crests on frontals.
Scales: Ctenoid. Lateral line complete, 24 scales; 
scales above and below lateral line about twice as 
small (more than 35 in row just above lateral line).
E t y m o l o g y : (very). A prefix added to Apogon
referring to the very similar appearance to the sub-
genus Apogon. G ender: masculine.
S u bg enu s  Z ORAMIA  
J o r d a n , 1917
Caudal skeleton: Five hypurals, a parhypural, 
three epurals, one pair of uroneurals and two auto­
genous haemal spines.
Vertebrae (Table 1): 10+14. Epipleurals on all 
but the last two or three pleural ribs.
Anal fin: Two spines, the first pterygiophore with 
one spine; nine soft rays.
Dorsal fin: Six spines in the first dorsal; one spine 
on the first pterygiophore; dorsal spines very long, 
becoming filamentous in one species. Second dorsal 
with one spine and nine soft rays.
Predorsals: Three.
Pelvic g ird le: No comment.
Pectoral girdle (Pl. 13): No free medial extrascapu­
lar. Posttemporal smooth.
Jaw s: Supramaxilla absent. Two rows of teeth on 
the dentary and premaxilla becoming one row 
caudad.
Suspensorium: A single row of less than 15 teeth on 
the palatines; none on the ectopterygoid.
Branchial apparatus: 24 to 32 gillrakers (all but 
one or two well developed). Seven branchiostegal 
rays. Ceratohyal with the dorsal side notched. No 
dentate suture between the ceratohyal and epihyal.
Infraorbitals: Six, infraorbital shelf absent (see 
Pl. 20).
Opercles: Preopercle with the ridge smooth;
posterior and ventral edge serrated (posterior edge 
mostly smooth, a few weak serrations near lower 
border).
Neurocranium : Intercalary facet for the lower 
fork of the posttemporal included on the otic bulla. 
Supraoccipital crest high and frontals with crests. 
Vomer with several small teeth in a narrow band.
Scales: Ctenoid. Lateral line complete, 23 to 24 
scales.
R em arks : The relationships within the genus 
Apogon are probably more complex than the simplified 
picture presented here. This genus can be con­
veniently separated into ten subgenera on the basis 
of the presence or absence of the following characters: 
paired uroneurals, infraorbital shelf, serrations on the 
infraorbitals and preopercle, a supramaxilla and 
palatine teeth; on the basis of num ber of predorsals, 
dorsal spines, soft anal rays; and finally on the type, 
size and pattern of scalation (Table 5).
Apogon is intimately related to Cheilodipterus and 
indeed there may be merit in considering Cheilodip­
terus as a subgenus of Apogon. No other genus is 
particularly close to Apogon although some show 
more relationships than others (e.g. Archamia). Certain 
species show some affinities to other genera (e.g. 
Apogon (Yarica) hyalosoma and Glossamia; Apogon 
(Zoramia) leptacanthus and Archamia; Apogon (Nectamia) 
sp. and Rhabdamia). I have interpreted these as the 
result of parallelisms to be found in Apogon which I 
believe contains the last major radiation of species 
in the family (see section on Evolution).
The nomenclatural status of Ostorhinchus and Dip-
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terodon traditionally placed in Apogon requires some 
discussion (also see Klausewitz, 1959). Lacepede’s 
(1802b: 23-5) description of Ostorhinchus does not 
agree with that of an apogonid. The jaws are de­
scribed as resembling scarids, diodontids, tetraodon- 
tids and to be similar to a parro t’s beak— i.e. fused 
dental plates. The lateral line is not obvious and there 
are eight spines in the first dorsal fin and 14 elements 
in the second dorsal fin. The figure of Ostorhinchus 
fleurieu in Lacepede (1802a: 523, Pl. 32, fig. 2) does 
resemble an apogonid known from the Indo-Pacific 
region but does not look like Oplegnathus. Whitley 
(1959b: 315-6) believes that Lacepede’s description 
can be referred to the Oplegnathidae while Smith 
(1961: 399) believes it is a member of the Apogonidae. 
Both of these conclusions are understandable when 
characters of each family are considered to be in­
accurately described by Lacepede for 0. fleurieu. 
W hitley based his allocation on the written descrip­
tion and Smith based his on the figure. Ostorhinchus 
has been used in both families. I regard Ostorhinchus 
only as a nomen dubium in the Apogonidae because 
the description of the teeth, lateral line and high 
num ber of second dorsal fin elements does not agree 
with any apogonid (except Pterapogon with regard to 
the second dorsal) and because of the similarity 
between the colour pattern of Apogon aureus and that 
of the figure for Ostorhinchus. I f  this species is con­
sidered an apogonid then the name would be avail­
able at the subgeneric level in Apogon, if the species is 
fixed as Apogon aureus. I f  the species is considered an 
oplegnathid then it is a senior synonym of Oplegnathus 
Richardson, 1840. Perhaps the best course of action 
would be the rejection of the name on the basis that 
it is an unidentifiable taxon.
Dipterodon Lacepede, 1802b: 166-8 is another 
questionable name. From the figure (Lacepede, 
1802a: 520, Pl. 30, fig. 2) the fish could well be con­
sidered an apogonid. However, (1) his written de­
scription indicates a fish with compressed incisors, 
pointed and triangular, and placed at equal distance 
from one another. (2) The head of the fish is illus­
trated as being scaled to the front of the eyes. No 
known apogonid possesses either of these two character 
states. If  we interpret (1) as perhaps being the den­
tition of a Cheilodipterus, and (2) move the scalation 
of the head back to the nape the fish could be accepted 
as an apogonid but in Cheilodipterus rather than in 
Apogon. Even if we disregard the description of the 
dentition as totally erroneous, the application of 
Dipterodon to one of the five subgeneric groups of 
Apogon with a total of seven dorsal spines would re­
main unsolved. I treat this name as a nomen dubium, 
perhaps involving a member of the Apogonidae.
The type species of Nectamia, Apogon fuscus Quoy and 
Gaim ard, 1824, is referable to Apogon, and on the 
basis of having seven visible spines in the first dorsal
fin Nectamia could also be a junior synonym of Lepi- 
damia or Pristiapogon. Quoy and Gaim ard (1824: 
345-6) adequately described their specimens record­
ing the preopercular edge as serrated and the pre- 
opercular ridge as smooth, thus the species cannot be 
placed in Pristiapogon. In  addition, from the descrip­
tion of having large scales and the black mark on the 
caudal peduncle it cannot be a member of Lepidamia 
which has small scales and no black mark. The colour 
description suggests that A. fuscus belongs to the 
Apogon bandanensis group as treated by Lachner 
(1951: 594-604). The type locality (Guam) reduces 
the num ber of apogonids with which A. fuscus could 
be confused. Nevertheless, Nectamia is used provi­
sionally until A. fuscus is confirmed as a member of 
the A. bandanensis group.
G en us  PHAEOPTYX  
F r a ser  a n d  R o bin s , 1970
Phaeoptyx Fraser and Robins, 1970 (type species 
Amia conklini Silvester by original designation).
M a ter ia l  E xam ined .
Phaeoptyx conklini (Silvester, 1915) UM M L 20134 (4, 13.9— 
48.5) Florida, Monroe Co., 200 yds SE of Sand Key Light, 
21 Aug. 1961. UM M L 9702 (2, 46.5-51.9) Mexico, Cozumel 
Island, 19 June 1961.
Phaeoptyx pigmentaria (Poey, 1856-58) UM M L 22506 (3, 
45.1-53.1) Panama, Canal Zone, W. side of Limon Bay, 4 
July 1966. UM M L 25058 (1, 50.3) Annobon Island, 
between Punta Yoyo and Punta Pedrinha near San Juan 
Chapel, 19 May 1965.
Phaeoptyx xenus (Bohlke and Randall, 1968) RUSI 1078 (2, 
35.4—42.4) Bahama Islands, Great Inagua, M an of W ar 
Bay, 18 Jan. 1968.
The species of this genus were treated by Bohlke 
and Randall (1968). The three species have a wide 
distribution from South Florida and the Bahamas to 
Venezuela. P. pigmentaria has been taken also at 
Annobon in the Gulf of Guinea. At least one species, 
P. xenus, is associated with tubular sponges. O ral 
brooding of the eggs (P. conklini and pigmentaria) has 
been seen but not reported in the literature. Livingston 
(1971) studied a circadian rhythm  in P. conklini which 
was different from Apogon and Astrapogon. Fraser 
and Robins (1970) gave a diagnosis of Phaeoptyx and 
included some osteological information.
Sw im  B l a d d e r  (Pls 1 and 3): All species have one 
to three composite bundles of retia m irabilia in a 
single horizontal row with a single gas gland. One 
swim bladder shows an oval present on the dorsal 
side at the anterior end.
O s t e o l o g y : The salient features are shown in 
Plates 6, 11, 13, 15, 17, 22, 23, 24, 25 and 36 and 
Tables 1 and 5.
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Caudal skeleton (Pl. 6): Three hypurals (one and 
two, three and four are fused), a parhypural, two or 
three epurals, no uroneurals and two autogenous 
haemal spines.
Vertebrae (Table 1): 10+14. Epipleurals on all 
but the last two pleural ribs.
Anal fin: Two spines, first pterygiophore with one 
spine; eight soft rays.
Dorsal fin: Six dorsal spines in the first dorsal; 
first pterygiophore with one spine. Second dorsal 
with one spine and nine soft rays.
Predorsals (Pl. 11): Two (one in one P. xenus).
Pelvic girdle: No comment.
Pectoral girdle (Pl. 13): No free medial extrascapu­
lar. Posttemporal smooth.
Jaws (Pl. 15): Supramaxilla absent. Narrow bands 
of fine teeth on both jaws (slightly enlarged in P.
pigmentaria).
Suspensorium: Teeth on the palatine in a single 
row; none on the ectopterygoids.
Branchial apparatus (Pl. 17): 17 to 20 (12 to 18 
well developed) gillrakers. Seven branchiostegal 
rays. Ceratohyal with a deep notch on the dorsal 
side.
Infraorbitals: Six, with a well developed shelf on 
the third infraorbital. A ligament from the posterior 
edge of the shelf to the ectopterygoid.
Opercles (Pl. 22): Preopercular ridge smooth; the 
posterior edge serrated (ventral edge poorly ossified).
Neurocranium  (Pls 23, 24, 25 and 36): The basi- 
sphenoid present, reduced or absent. The basisphenoid 
complete or reduced in P. conklini, losing the shank 
portion (belophram) in P. xenus, and finally losing 
the remaining portion (meningost) in P. pigmentaria. 
Vomer with a band of fine teeth. The intercalary 
facet for the lower fork of the posttemporal included 
on the otic bulla. No crests on the frontals.
Scales: Ctenoid. Lateral line complete, 24 to 25 
scales.
R em arks  : This genus apparently is related to 
Apogon. Apogon and Phaeoptyx differ in that the latter 
has a fused caudal skeleton, loses the basisphenoid 
and has a large preopercular flap. The body colour 
also is unlike that of any other Atlantic species of 
Apogon. This genus, like Astrapogon, is found only in 
the Atlantic Ocean.
Genus A R C H A M IA  
G il l , 1863
Archamia Gill, 1863: 81 (type species Apogon bleekeri 
Gunther by monotypy).
M a ter ia l  E xam ined .
Archamia biguttata Lachner, 1951 USNM 56156 (1, 60.6) 
Philippine Islands, Bacon.
Archamia buruensis (Bleeker, 1856) USNM 112112 (1, 62.4) 
Philippine Islands, Mindanao, Nunucan River, 6 Aug. 1909. 
Archamia dispilus Lachner, 1951 USNM 112077 Paratype (1, 
53.1) Formosa, Soo W an Bay, 29 Jan. 1910.
Archamia fucata (Cantor, 1850) USNM 52203 (1, 55.1) 
Samoa, Apia.
Archamia lineolata (Ehrenberg in Cuvier and Valenciennes, 
1828) USNM 171228 (1, 53.5) Philippine Islands, Palawan 
Island, Puerto Princessa, 5 Apr. 1909.
Archamia melasma Lachner and Taylor, 1960 IA2334 (1, 44.5) 
Australia, Queensland, Great Barrier Reef, North Barward 
Island, 1924.
Archamia mozambiquensis Smith, 1961 RUSI 1062 (1, 67.4) 
Mozambique Island, June 1950.
Archamia zosterophora (Bleeker, 1856) USNM  205666 (1, 
41.8) Borneo, Pulau Gaya, Davel Bay, 1 Feb. 1965.
There are at least 15 nominal species, of which nine 
are presently recognized. Archamia occurs throughout 
the Indo-W est Pacific from East Africa to Japan  and 
the M arshall Islands. They have been observed to 
mouth-brood eggs (Lachner, 1951). Haneda et al. 
(1969) describe bioluminous organs associated with 
the alimentary canal in Archamia fucata, A. lineolata 
and A. zosterophora.
Sw im  B l a d d e r  (Pls 1 and 3): Eight species, A. 
biguttata, A. buruensis, A. dispilus, A. fucata, A. lineolata, 
A. melasma, A. mozambiquensis and A. zosterophora, were 
examined. All have numerous composite bundles 
(usually five or more) of retia m irabilia in a single 
row except for A. dispilus which had three branches. 
Four of the swim bladders show an oval present on 
the dorsal side at the anterior end.
O s t e o l o g y : The salient features are shown in 
Plates 6, 11, 13, 16, 17, 22, 23, 24, 25 and 37 and 
Tables 1 and 5.
Caudal skeleton (Pl. 6): Five hypurals, a
parhypural, three epurals, one pair of uroneurals 
and two autogenous haemal spines.
Vertebrae (Table 1): 10+14. Epipleurals on all 
but the last two pleurals.
Anal fin: Two spines, the first pterygiophore with 
one spine; soft rays 12-18.
Dorsal fin: Six spines in the first dorsal; the first 
pterygiophore with one spine. Second dorsal with 
one spine and nine soft rays.
Predorsals (Pl. 11): Three.
Pelvic gird le: No comment.
Pectoral girdle (Pl. 13): No free medial extra-
scapular. The posttemporal serrated.
Jaws (Pl. 16): Supramaxilla absent. A narrow 
band of fine teeth on the premaxilla and a narrow 
band or single row of teeth on the dentary.
Suspensorium: Teeth on the palatines; none on 
the ectopterygoids. Hyom andibular elongated.
Branchial apparatus (Pl. 17): Gillrakers 19 to 
24 (16 to 20 well developed). Seven branchiostegal 
rays. Ceratohyal with the dorsal side deeply notched.
Infraorbitals: Six, with a well developed shelf on 
the third infraorbital.
Opercles (Pl. 22): The preopercle smooth on the
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ridge; serrated on the posterior and ventral edges.
Neurocranium  (Pls 23, 24, 25 and 37): The inter- 
calary facet for the lower fork of the posttemporal 
included on the otic bulla. Basisphenoid well devel­
oped. Vomer with fine teeth in a single row. Frontals 
with two sets of crests. Supraoccipital extends far 
forward with a large crest. General shape distinctive.
Scales: Ctenoid. Lateral line complete, 22 to 26 
scales.
R e m a r k s : This genus, with its compressed body 
shape, high num ber of soft anal rays, distinctive 
neurocranium  and high num ber of gillrakers, is un­
related to most other groups except possibly Apogon. 
Archamia differs from Apogon in the first three charac­
ters mentioned above. Apogon leptacanthus shows some 
similarities (compressed body, large supraoccipital 
crest) to Archamia, but differs from Archamia in having 
nine soft rays, filamentous dorsal spines, higher gill­
raker counts and in lacking the infraorbital shelf.
G e n u s  SPH A ER A M IA
F o w l e r  a n d  B e a n , 1930
Sphaeramia Fowler and Bean, 1930: 29 (type species 
Apogon nematoptera Bleeker by original designation).
M a ter ia l  E xam ined .
Sphaeramia nematoptera (Bleeker, 1856) USNM 171552 (1, 
51.7) Philippine Islands, Isabela Basilan, 11 Sept. 1909. 
Sphaeramia orbicularis (Kuhl and Van Hasselt in Cuvier and 
Valenciennes, 1828) USNM 205665 (1, 49.2) Borneo, Pulau 
Gaya, Darvel Bay, 1 Feb. 1965.
There are at least four nominal species in this genus, 
two of which are currently recognized. Sphaeramia 
nematoptera appears to be restricted to the East Indies 
while S. orbicularis is widely distributed from the east 
African coast to the Philippine Islands. Oral brooding 
of the eggs has been recorded by Fowler and Bean 
(1930: 32). The caudal skeleton of S. orbicularis has 
been reported on by Monod (1968: 513, fig. 609).
Sw im  B l a d d e r  (Pls 1 and 3): Both species examined 
were poorly preserved. The gas gland and associated 
retia m irabilia were seen in S. orbicularis only. There 
were 15 composite bundles of retia m irabilia in a 
horizontal row, the outer two on each side appeared 
enlarged.
O s t e o l o g y : The salient features are shown in 
Plates 6, 8, 11, 13, 16, 17, 19, 20, 22, 23, 24, 25 and 
38 and Tables 1 and 5.
Caudal skeleton (Pl. 6): Five hypurals, a par- 
hypural, three epurals, one pair of uroneurals and 
two autogenous haemal spines. All secondary (pro-
current) rays spinous.
Vertebrae (Table 1): 10+ 1 4. Epipleurals on all 
b u t the last two pleural ribs.
Anal fin: Two spines, first pterygiophore with one 
spine; nine soft rays.
Dorsal fin (Pl. 8): Seven spines in the first dorsal; 
one spine on the first pterygiophore; the seventh 
spine reduced and covered over by skin and scales. 
Second dorsal with one spine and nine soft rays.
Predorsals (Pl. 11): Three.
Pelvic girdle: No comment.
Pectoral girdle (Pl. 13): No free medial extra-
scapular. The posttemporal serrated (6 to 8 points) 
on its posterior edge. The second postcleithrum 
slightly enlarged.
Jaws (Pl. 16): Supramaxilla absent. A wide band 
of teeth on the dentary and premaxilla.
Suspensorium: A band of fine teeth on the pala­
tines; none on the ectopterygoids.
Branchial apparatus (Pls 17 and 19): Well de- 
veloped gillrakers 25 to 31. Seven Branchiostegal rays. 
Ceratohyal with the dorsal side deeply notched. 
Urohyal lacks the anterodorsal process.
Infraorbitals (Pl. 20): Six, lacking a shelf on any 
infraorbital.
Opercles (Pl. 22): Preopercle smooth on the ridge; 
serrated on the posterior and ventral edges.
Neurocranium  (Pls 23, 24, 25 and 38): The inter- 
calary facet for the lower fork of the posttemporal 
included on the otic bulla. Basisphenoid well devel­
oped. Vomer with a narrow band of fine teeth. 
Frontals with crests. Supraoccipital crest large.
Scales: Ctenoid. Lateral line complete, 22 to 23 
scales.
R e m a r k s : Sphaeramia is related to Pterapogon, both 
differing from all other Apogoninae in having spinous 
secondary rays, modified neurocrania, compressed 
body shape and long, strong second anal spine of the 
second dorsal. Sphaeramia differs from Apogon in 
lacking an infraorbital shelf (except Apogon (Z oramia)) 
and in having a well developed mem brane between 
the last pelvic ray and the abdomen.
G e n u s  P T E R A P O G O N
K o u m a n s , 1933
Pterapogon Koumans, 1933: 78 (type species Pterapogon 
kauderni Koumans by original designation and 
monotypy).
Quinca Mees, 1966: 83 (type species Quinca mirif ica 
Mees by original designation and monotypy).
M a ter ia l  E xam ined .
Subgenus Pterapogon
Pterapogon kauderni Koumans, 1933 RM NH 17003 Syntype 
(1, 37.0) Eastern Celebes Banggaai, Feb. 1920. X-ray.
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Subgenus Q uinca
Pterapogon mirifica (Mees, 1966) WAM P5787 Holotype (1, 
80.0) Western Australia. X-ray.
Both subgenera are monotypic. Pterapogon kauderni 
is known from two syntypes and P. mirifica from the 
holotype. Nothing more is known about these species.
Sw im  B l a d d e r : N o in fo rm a tio n .
O s t e o l o g y : A description of each subgenus is 
given based on X-ray negatives. The spinous 
secondary caudal rays, seven first dorsal spines, and 
high soft dorsal and anal fin-ray counts unite these 
two groups.
S u bg enu s  PTERAPOGON  
K oum ans, 1933
Caudal skeleton: Five hypurals, a parhypural, three 
epurals and one pair of uroneurals (not determined 
if the last two haemal spines are autogenous). All 
secondary procurrent rays spinous.
Vertebrae (Table 1): 10+14. Epipleurals present 
on at least the first six pleural ribs.
Anal fin: Two spines, first pterygiophore with one 
spine; 13 soft rays, the anterior soft rays very elonga­
ted.
Dorsal fins: Seven spines in the first dorsal; two 
spines on the first pterygiophore. Second dorsal with 
one spine and 14 soft rays, the anterior rays elonga­
ted.
Predorsals: At least two.
Pelvic girdle: No comment.
Pectoral girdle: No comment.
Jaws: Supramaxilla apparently absent. A narrow 
band (1-3 rows) of teeth on the dentary and pre-
maxilla.
Suspensorium: No teeth on the palatine or ecto- 
pterygoid.
Branchial apparatus: Gillrakers 38 (9+ 29), all 
well developed. Seven branchiostegal rays.
Infraorbitals: Apparently six.
Opercles: Preopercle smooth on the ridge; serrated 
on the posterior and ventral edges.
Neurocranium : Vomer with a single row of fine 
teeth. Frontals with crests. Basisphenoid well devel­
oped. Supraoccipital crest large.
Scales: Ctenoid. Lateral line complete, 25 scales.
S u bg enu s  QUINCA 
M ees , 1966
Caudal skeleton: Five hypurals, a parhypural, 
three epurals and one pair of uroneurals (not deter­
mined if any of the haemal spines may be autogenous). 
Secondary caudal rays spinous.
Vertebrae (Table 1): 10+14. Epipleurals on at 
least the first two vertebrae and five pleural ribs.
Anal fin: Two spines, first pterygiophore with one 
spine; soft anal rays 13.
Dorsal fin: Seven spines in the first dorsal; first 
pterygiophore with two spines. Second dorsal with 
one spine and 14 soft rays.
Predorsals: Three.
Pelvic gird le: No comment.
Pectoral girdle: No comment.
Jaws: Supramaxilla absent. Villiform bands of 
teeth on dentary and premaxilla.
Suspensorium: Villiform band of teeth on the 
palatine; ectopterygoid teeth absent.
Branchial apparatus: Gillrakers 17 (3 +  14), the 
first five rudim entary on the lower arch. Seven 
branchiostegals.
Infraorbitals: U pper edges smooth.
Opercles: The preopercle smooth on the ridge; 
serrated on the ventral and posterior edges.
Neurocranium : A band of teeth on the vomer. 
Basisphenoid present and well developed.
Scales: Ctenoid. Lateral line complete, 25 scales.
R e m a r k s : Pterapogon is related to Sphaeramia be- 
cause they have spinous secondary rays, modified 
neurocrania, strongly compressed body shape, long 
and strong second anal spine and spine of the second 
dorsal. They also have in common a similar shaped 
caudal skeleton and very high num ber of gillrakers 
(except Quinca) but differ in the num ber of visible 
first dorsal spines, soft dorsal and anal rays; palatine, 
vomer and jaw  dentition. Pterapogon is provisionally 
treated at the genus level.
The subgenus Quinca differs from the subgenus 
Pterapogon in having a lower num ber of well developed 
gillrakers (12 versus 38), palatine teeth (absent in 
Pterapogon) and possibly in the num ber of predorsals 
(2 ? versus 3).
G e n u s  R H A BD A M IA  
W e b e r , 19 0 9
Rhabdamia Weber, 1909: 165 (type species Rhabdamia 
clupeiformis W eber by subsequent designation of 
Jordan, 1920).
Ioamia Fowler and Bean, 1930: 120 (type species 
Apogonichthys gracilis Bleeker by original desig­
nation and monotypy).
Bentuviaichthys Smith, 1961: 412 (type species Bentu- 
viaichthys nigrimentum Smith by original designation 
and monotypy).
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M a ter ia l  E xam ined .
Subgenus R h ab d am ia
Rhabdamia gracilis (Bleeker, 1856) CAS 452 (1, 36.7) 
Kapingamarangi Atoll, Prospipai region of Saratokmalel 
Reef, 14 Aug. 1954.
Rhabdamia sp. USNM 203775 (1, 51.0) Somali coast, 11° 18' 
N, 51° 08' E, by trawl in 25-29 m., 17 Dec. 1964.
Subgenus V eru lu x (N e w  Subgenus)
Rhabdamia cypselurus Weber, 1909 USNM 171165 (1, 34.8) 
Philippine Islands, Rosa Island, Mantaguin Bay, 1 Apr. 
1909. USNM 203778 (1, 39.6) Borneo, Pulau Gaya, Darvel 
Bay, 1 Feb. 1965. CAS 317 (1, 32.9) Kapingamarangi Atoll, 
Tokoteihi, 1 July 1954. RUSI 1079 (1, 38.0) East Africa, 
Matemo Island, Ibo, 8 Feb. 1951.
Subgenus Bentuviaichthys
Rhabdamia nigrimentum (Smith, 1961) RUSI 359 Holotype 
(1, 52.5) Red Sea, trawled off Eritrea in 25 m., X-ray. UJ 
uncat. Paratype (1, 48.2) same data X-ray. UJ uncat. 
Paratype (1, 48.8) same data.
O f the six described species, four appear to be 
valid. Rhabdamia gracilis and R. cypselurus are found 
throughout the Indo-W est Pacific from East Africa 
to the Philippine and M arshall Islands. Rhabdamia 
nigrimentum has been collected only in the Red Sea. 
The bioluminous organs of R. cypselurus have been 
described and illustrated by H aneda et al. (1969). 
Two species are known to brood their eggs orally 
(Fowler and Bean, 1930: 6 and 108). Kotthaus (1970: 
68, abb. 257) gives a photograph of the otoliths of 
Bentuviaichthys nigrimentum.
Sw im  Bl a d d e r  (Pls 1 and 3): All species were 
examined. In  R. cypselurus, R. gracilis and R. nigrimen­
tum the composite bundles of retia mirabilia numbered 
one to four in a horizontal row with a single gas 
gland. Rhabdamia sp. differed in that there are two 
longitudinal rows of retia m irabilia for most of the 
length of the swim bladder. The oval was present 
on the dorsal side at the anterior end in three species, 
but was not seen on the intact swim bladder of 
Rhabdamia sp.
O steo lo g y  : The salient features are shown in 
Plates 6, 7, 12, 13, 16, 18, 20, 22, 23, 24, 25 and 39 and 
Tables 1 and 5. Features which characterize the 
species of Rhabdamia are: fused hypurals, no auto­
genous haemal spines, smooth preopercle, one row 
of teeth on dentary, one or two rows of teeth on 
premaxilla and a smooth posttemporal. A description 
of each subgenus is given.
S u bg enu s  RH ABD AM IA  
W e b e r , 1909
Caudal skeleton (Pl. 6): Two hypurals (one, two, 
three and four fused), three epurals, a parhypural, no 
uroneurals and no autogenous haemal spines.
Vertebrae (Table 1): 10+14. Epipleurals on all 
but the last three pleural ribs.
Anal fin: Two spines, first pterygiophore with one 
spine; 12 to 13 soft rays.
Dorsal fin: Six spines in the first dorsal; first 
pterygiophore with one spine. Second dorsal with 
one spine and nine soft rays.
Predorsals (Pl. 12): Two.
Pelvic g ird le: Modified with the rachis edge curving 
outward.
Pectoral girdle (Pl. 13): No free medial extra-
scapular. Posttemporal smooth. Coracoids meeting 
at symphysis of cleithra.
Jaws (Pl. 16): Supramaxilla absent. A single row 
of teeth on the dentary and premaxilla, some slightly 
enlarged.
Suspensorium: Teeth on palatine reduced to a 
row of 3 to 5 teeth (Rhabdamia sp.) or absent (R . 
gracilis); none on ectopterygoid.
Branchial apparatus (Pl. 18): 25 to 33 (24 to 31 
well developed) gillrakers. Seven branchiostegal 
rays. Ceratohyal with the dorsal side gently notched. 
Urohyal without an anterodorsal process.
Infraorbitals (Pl. 18): Six, with a slightly reduced 
shelf on the third bone.
Opercles (Pl. 20): The preopercle smooth on the 
ridge, ventral and posterior edges.
Neurocranium  (Pls 23, 24, 25 and 39): Intercalary 
facet for the lower fork of the posttemporal included 
on the otic bulla. Vomer with a single row of teeth. 
Basisphenoid not well developed but still complete. 
Frontals lack crests.
Scales: Cycloid or weakly ctenoid. Lateral line 
complete, 22 to 24 scales.
VERULUX new  subgenus
Type-species: Rhabdamia cypselurus W eber (1909: 
167-8).
Caudal skeleton (Pl. 7): Two hypurals (one, two, 
three and four fused), two epurals, a parhypural, no 
uroneurals and no autogenous haemal spines.
Vertebrae (Table 1): 10+14. Epipleurals on all 
but the last four or five pleural ribs.
Anal fin: Two spines, first pterygiophore with one 
spine; nine soft rays.
Dorsal fin: Six spines in the first dorsal; first 
pterygiophore with one spine. Second dorsal with 
one spine and nine soft rays.
Predorsals (Pl. 12): One.
Pelvic girdle: Inner edge of basipterygium squared 
off anteriorly instead of smoothly meeting outer edges.
Pectoral girdle (Pl. 13): No free medial extra-
scapular. Posttemporal smooth.
Jaws (Pl. 16): Supramaxilla absent. A single row 
of teeth on the dentary and premaxilla, some slightly 
enlarged.
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Suspensorium: Teeth on the palatine reduced to a 
row of 1 to 5 teeth or absent; none on the ecto- 
pterygoid.
Branchial apparatus: 15 to 19 (12 to 15 well 
developed) gillrakers. Seven branchiostegal rays. 
Ceratohyal with the dorsal side gently notched. 
Urohyal with an anterodorsal process.
Infraorbitals (Pl. 20): Six, no shelf on third in- 
fraorbital.
Opercles: Preopercle smooth on the ridge, ventral 
and posterior edges.
Neurocranium: The intercalary facet for the lower 
fork of the posttemporal included on the otic bulla. 
Vomer with a single row of teeth. Basisphenoid not 
well developed but still complete. Frontals lack
crests.
Scales: Cycloid or weakly ctenoid. Lateral line 
complete, 22 to 24 scales.
E t y o m o l o g y : Veru (dart) and lux (light) referring 
to body shape and the bioluminous activity of the 
type species. Gender: feminine.
S u bg enu s  B E N T U V IA IC H TH YS 
Sm it h , 1961
Caudal skeleton (Pl. 6): Two hypurals (one, two, 
three and four fused), three epurals, a parhypural, 
a thin pair of reduced uroneurals and no autogenous 
haemal spines.
Vertebrae (Table 1): 10+14. Epipleurals on all 
but the last three pleurals.
Anal fin: Two spines, first pterygiophore with one 
spine; 10 to 11 soft rays.
Dorsal fin: Seven spines in the first dorsal; first 
pterygiophore with two spines. Second dorsal with 
one spine and 10 to 11 soft rays.
Predorsals: Two.
Pelvic girdle: No comment.
Pectoral girdle: No free medial extrascapular. 
Posttemporal smooth.
Jaw s: Supramaxilla absent. A single row of teeth 
on the dentary and one to several rows of teeth on 
the premaxilla, some teeth at the symphysis in both 
jaws enlarged.
Suspensorium: A few teeth on the palatine in a 
single row; none on the ectopterygoid.
Branchial apparatus: 22 (17 to 18 well developed) 
gillrakers. Seven branchiostegals, the last very 
broad. Ceratohyal notched. Urohyal long, with 
anterodorsal process.
Infraorbitals: Six, shelf absent on the third bone.
Opercles: Preopercle smooth on the ridge, ventral 
and posterior edges.
Neurocranium : Basisphenoid absent. Intercalary
facet for the lower fork of the posttemporal included 
on the otic bulla. Vomer with a single row of teeth. 
Frontals lack crests.
Scales: Weakly ctenoid. Lateral line complete, 23 
to 24 scales.
R e m a r k s : Rhabdamia diverges from other Apogo- 
ninae in possessing reduced dentition on the jaws, a 
smooth preopercle, cycloid or weakly ctenoid scales 
and a highly fused caudal skeleton. Three subgenera 
are recognized by the num ber of gillrakers, soft 
dorsal and anal rays and predorsals, and the presence 
or absence of the infraorbital shelf, uroneurals and 
basisphenoid. None of the other genera closely 
approaches Rhabdamia although some distant re­
lationship is suggested with Archamia. One species 
in Apogon, A. sp. (USNM  203774), has similar body 
shape and coloration (in alcohol). However, many 
differences (eight soft anal rays, strongly ctenoid 
scales, serrated edges on the preopercle and post-
temporal, five hypurals, three predorsals, and several 
rows of teeth on the dentary and premaxilla) suggest 
that the similarities are due to parallelism rather than 
direct ancestry or intim ate relationship. Such a species 
might be the presumed “ type” from which Rhabdamia 
arose.
Bentuviaichthys was previously placed in the Syna- 
gropinae and related to Synagrops by Smith (1961). 
The anatomy of B. nigrimentum does not support this 
suggestion because of differences in the type of swim 
bladder (oval instead of diaphragm ), num ber of 
vertebrae (10+ 14 instead of 10+15), type of caudal 
(fused instead of unfused), type of ceratohyal (no 
foramen versus foramen present); and other characters 
which are found in Bentuviaichthys such as—no 
basisphenoid, one less dorsal spine, no supramaxilla, 
no anterior extensions of the swim bladder to the 
otic region, only one pair of uroneurals and smooth 
preopercular edges also discount the placement by 
Smith.
SUBFAMILY PSEUDAMINAE
Plates 1, 3, 13, 23, 24, 25, 43 and 44 
Tables 1, 4, 5 and 6
This subfamily contains three recognized genera. 
There are no known closely allied genera of fishes in 
the Apogoninae or in other groups of percoid fishes. 
Characters which relate this subfamily to the Apo- 
gonidae are: two anal spines, six dorsal spines, swim 
bladder with an anterodorsal oval, 10+14 vertebrae 
and no developed axillary scale at the base of the 
pectoral fin. None of these characters is very sub­
stantial or convincing in relating the Pseudaminae to 
the Apogoninae but the two seem closer to each 
other than to other perciform families such as the
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Serranidae, Percichthyidae, Pomatomidae, Pem- 
pheridae, Bathyclupeidae, Kurtidae, Sciaenidae, 
Centropomidae and Centrarchidae.
Subfamily characters are: the reduced num ber of 
epipleurals (0-4) on the pleurals, the shape of the 
neurocrania, no basisphenoid, two epurals, one 
opercular spine, pterosphenoid-parasphenoid con­
tiguous or nearly so, the intercalary facet not in­
cluded on the otic bulla, the reduction of scales and 
lateral line, the reduced num ber of predorsals (none, 
one or two) and the complete separation of the dorsal 
fins. Gymnapogon is provisionally placed in this sub-
family on the basis of similar neurocrania. However, 
it is not intimately related to the other genera on the 
basis of the following peculiar features: a large pre- 
opercular spine, no scales, no ectopterygoid teeth, 
parhypural fused to lower hypural plate, a single 
postcleithrum and a well developed infraorbital shelf. 
In  addition, its body shape is unlike that in the other 
genera.
All genera have seven branchiostegal rays, not six 
as reported by Smith (1954), and the infraorbital shelf 
is present only in Gymnapogon.
O ral brooding of eggs has not been reported.
Genera included: Pseudamia, Pseudamiops and
Gymnapogon.
G e n u s  PSEU D A M IA
B l e e k e r , 1865
Pseudamia Bleeker, 1865: 284 (type species Cheilo- 
dipterus polystigma Bleeker by monotypy).
M a teria l  E xam ined .
Pseudamia amblyuropterus (Bleeker, 1856) USNM 205670 
(1, 48.0) Borneo, Pulau Gaya, Darvel Bay, 1 Feb. 1965. 
Pseudamia gelatinosa Smith, 1955 RUSI 1081 (1, 52.0) Ibo, 
Aug. 1951.
Pseudamia polystigma (Bleeker, 1859-60) USNM 150433 
(1, 55.1) Philippine Islands, Cebu market, 13 Aug. 1909.
Pseudamia comprises a natural group that is closely 
related to Pseudamiops. There are at least three 
nominal species but the num ber of valid species is 
unknown (Smith, 1955b). The genus is known from 
the East African coast throughout the Indo-W est 
Pacific to the Philippine and Gilbert Islands. A wide 
range is ascribed for P. polystigma.
Sw im  B l a d d e r  (Pls 1 and 3 ) : The composite 
bundles (five) of retia m irabilia formed a tight circle 
in Pseudamia amblyuropterus and the oval was present 
on the dorsal side at the anterior end. In Pseudamia 
gelatinosa the more than 20 composite bundles of 
retia m irabilia were in a large circle and the oval in 
an anterodorsal position. In P. polystigma, however, 
the bundles of retia m irabilia form a pattern not
unlike some of the Cheilodipterus but differing from 
those of P. gelatinosa and amblyuropterus. The oval was 
not seen due to the poor condition of the swim 
bladder after dissection.
O steo lo g y  : The salient features are shown in 
Plates 7, 9, 12, 13, 16, 18, 20, 22, 23, 24, 25 and 40 
and Tables 1 and 5.
Caudal skeleton (Pl. 7): Four hypurals (one and 
two are fused), two epurals, a parhypural, one pair of 
reduced uroneurals and no autogenous haemal 
spines.
Vertebrae (Table 1): 10+ 14. Epipleurals on all 
but the last three or four pleurals.
Anal fin: Two spines, first pterygiophore with only 
one spine; soft rays eight to nine.
Dorsal fins (Pl. 9): Six dorsal spines in the first 
dorsal; the first pterygiophore with only one spine. 
Second dorsal fin with one spine and eight to nine 
soft rays. The sixth dorsal spine not closely associated 
with its corresponding pterygiophore.
Predorsals (Pl . 12): One or two.
Pelvic gird le: No comment.
Pectoral girdle (Pl . 13): A free medial and lateral 
extrascapular present. Posttemporal smooth.
Jaws (Pl. 16): Supramaxilla absent. A narrow 
band of fine teeth in both jaws. Enlarged canines at 
the anterior end of the premaxilla and dentary; two 
or three large canines medially on the dentary.
Suspensorium: Teeth on the palatine and ecto­
pterygoid.
Branchial apparatus (Pl. 18): Seven branchiostegal 
rays. 14 to 18 (8 to 12 well developed) gillrakers. 
Ceratohyal with the dorsal side deeply notched.
Infraorbitals (Pl. 20): Six, without a developed 
shelf on any infraorbital.
Opercles (Pl. 22): The preopercle smooth on the 
ridge, ventral and posterior edges (or weakly serrated 
at angle).
Neurocranium (Pls 23, 24, 25 and 40): No basi­
sphenoid. The intercalary facet for the lower fork of 
the posttemporal not included on the otic bulla. 
Vomer with a few enlarged canines. No crests on the 
frontals.
Scales: Small cycloid scales over most of the body. 
Lateral line incomplete, 20 pored scales extending on 
the body to about a vertical from the origin of the 
second dorsal fin.
R e m a r k s : Pseudamia shares with the Apogoninae 
the same num ber of vertebrae, anal spines and type 
of swim bladder. Differences are in the shape of the 
neurocrania, dorsal fin organization, small cycloid 
scales, reduced lateral line and caudal complex. 
These differences indicate that relationship with the 
Apogoninae is distant. Pseudamia is not close to 
Gymnapogon while Pseudamiops appears to be derived 
from Pseudamia.
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G e n u s  P SE U D A M IO P S
Smith, 1954
Pseudamiops Smith, 1954: 783-5 (type species Pseu- 
damiops pellucidus Smith by original designation). 
Lachneria Smith, 1954: 794-5 (type species Gymnapogon 
gracilicauda Lachner by original designation and 
monotypy).
M a ter ia l  E xam ined .
Pseudamiops pellucidus Smith, 1954 RUSI 1082 (2, 30.5-32.7) 
East Africa, Ibo, Aug. 1951.
Pseudamiops gracilicauda (Lachner, 1953) RUSI 1083 
(1, 26.5) Hawaii. RUSI 1084 (1, 28.2) Hawaii, Oahu 
Island, Kahe Point, 9 Mar. 1967.
Pseudamiops gracilicauda? USNM 203780 (1, 23.3) Solomon 
Islands, Tautsine Island, 11 Mar. 1965.
The species occur from the east African coast and 
the Seychelles (P. pellucidus), and the Solomon, 
Marshall and Hawaiian Islands (P. gracilicauda). 
Both are translucent in life. P. gracilicauda is pelagic 
according to Strasburg (1966) who reported schools 
of 5-25 fish in the vicinity of coral mounds. Smith 
(1954) states that P. pellucidus lives in burrows mainly 
in dead coral debris at the low tide level. Smith (1954) 
reported six branchiostegal rays, and sixteen principal 
caudal rays but I found seven and seventeen re­
spectively.
Sw im  B l a d d e r  (Pls 1 and 3): Only P. pellucidus 
yielded an intact swim bladder with a single com­
posite bundle of retia mirabilia and associated gas 
gland. An oval was present on the dorsal side near 
the anterior end.
O s t e o l o g y : The salient features are shown in 
Plates 7, 9, 12, 13, 16, 18, 20, 22, 23, 24, 25 and 41 
and Tables 1 and 5.
Caudal skeleton (Pl. 7): Four hypurals (one and 
two are fused), two epurals, a parhypural, no uro- 
neurals and no autogenous haemal spines.
Vertebrae (Table 1): 10+ 14. W ithout any
epipleurals on the pleural ribs.
Anal fin: Two spines, first pterygiophore with only 
one spine; soft rays eight or nine.
Dorsal fins (Pl. 9): Six spines in the first dorsal; 
the first pterygiophore with only one spine. Second 
dorsal with one spine and seven to nine soft rays. The 
sixth dorsal spine not closely associated with its 
corresponding pterygiophore. A wide gap between 
the sixth and seventh pterygiophores indicating a 
complete separation of the first and second dorsal 
fins. Moreover, the first pterygiophore behind the 
third neural arch and spine in P. gracilicauda instead 
of being in front of it as in P. pellucidus.
Predorsals (Pl. 12): None, one or two.
Pelvic girdle: No comment.
Pectoral girdle (Pl. 13): No free medial extra-
scapular. Posttemporal smooth.
Jaws (Pl. 16): Supramaxilla absent. A narrow 
band of teeth (one to three rows) in both jaws. 
Several enlarged canines at the anterior end of the 
premaxilla and on the anterior and medial portions 
of the dentary.
Suspensorium: Teeth on the ectopterygoid and 
palatine.
Branchial apparatus (Pl . 18): Gillrakers 9 to 12 
(7 to 8 well developed). Seven branchiostegal rays. 
Ceratohyal smoothly concave. The second and third 
branchiostegals with the so-called percopsid pro­
jections of McAllister (1968).
Infraorbitals (Pl. 20): Six in P. gracilicauda and five 
(both sides) in P. pellucidus. The first and second 
infraorbitals fused together in P. pellucidus. No in­
fraorbital shelf on any infraorbital.
Opercles (Pl. 22): The preopercle smooth on all 
exposed edges or weakly serrated near the angle.
Neurocranium  (Pls 23, 24, 25 and 41): No basi- 
sphenoid. The intercalary facet for the lower fork of 
the posttemporal not included on the otic bulla. 
Vomer with a single enlarged canine (P. pellucidus) 
or a single row of small teeth (P. gracilicauda). No 
crests on the frontals.
Scales: Large cycloid scales over most of the body 
in P. pellucidus and P. gracilicauda. Lateral line absent.
R e m a r k s : Pseudamiops appears to be derived from 
a stock close to Pseudamia. Nearly all of its characters 
appear to be slight modifications (mainly losses) of 
those in Pseudamia: the first dorsal has shifted slightly, 
loss of the epipleurals on the pleural ribs (four or 
five in Pseudamia), loss of the paired uroneurals 
(reduced in Pseudamia) and loss of the lateral line 
(reduced in Pseudamia). They share very similar caudal 
skeletons, teeth on the ectopterygoid, reduced num ­
ber of predorsals, similar dentition, and similar 
neurocrania. In  addition, they differ in that Pseudamia 
has a medial extrascapular (absent in Pseudamiops) , 
small scales (larger scales in Pseudamiops) and a 
different pattern of the bundles of retia mirabilia. 
Pseudamiops is remote from Gymnapogon to which it 
previously has been related.
G e n u s  G Y M N A PO G O N
R e g a n , 1905
Gymnapogon Regan, 1905: 19 (type species Gymnapogon 
japonicus Regan by monotypy).
Henicichthys Tanaka, 1915: 568 (type species Henicich- 
thys foraminosus Tanaka by original designation 
and monotypy).
Australaphia Whitley, 1936: 48 (type species Austra- 
laphia annona Whitley by original designation and 
m onotypy).
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Acanthapogon Fowler, 1938: 197-8 (type species
Acanthapogon vanderbilti Fowler by original desig­
nation and monotypy).
M a ter ia l  E xam ined .
Gymnapogon africanus Smith, 1954 RUSI 1085 (1, 33.2) East 
Africa, Pinda, 9 Apr. 1956.
Gymnapogon annona (Whitley, 1936) USNM 205671 (1, 43.5) 
New Britian, Rabaul, near entrance to Simpson Harbor, 
2 Feb. 1965.
Gymnapogon japonicus Regan, 1905 USNM 108821 Cotype 
(1, 31.0) Japan, Inland Sea. X-ray.
Gymnapogon philippinus (Herre, 1939) CAS 385 (1, 34.3) 
Kapingamarangi Atoll, Tokoteihi, 1° 02' 55"N, 154° 
44' 02"E, 1 July 1954.
Gymnapogon urospilotus Lachner, 1953 USNM  142405 
Paratype (1, 23.6) Marshall Islands, Kwajelein Atoll near 
S. end of Ennylabegan Island, 1 Sept. 1946.
Gymnapogon vanderbilti (Fowler, 1938) USNM 107189 
Paratype (1, 16.2), Christmas Island.
There are at least seven nominal species. Currently 
one name, G. foraminosus, is in the synonymy of G. 
japonicus. The status of the others is tentative. The 
genus is known from East Africa throughout the 
Indo-W est Pacific to Jap an  and the M arshall 
Islands. All of the recognized species are considered 
to have restricted ranges although Smith (1954) 
suspects a much wider range for some species. All 
species are very small—less than 50 mm and all are 
probably translucent in life. This enigmatic genus 
has been placed in four different families (Apogonidae, 
Gymnapogonidae, Gobiidae, Henicichthyidae) and 
has been associated with two other families (Poma- 
tomidae and Trichodontidae).
Regan (1940) briefly discussed the osteology of 
G. japonicus. He recorded the num ber of vertebrae 
as 10+15; however, all specimens counted had 
10+14. He compared his m aterial with several other 
families, but concluded that Gymnapogon belonged 
in the Apogonidae probably as a separate subfamily. 
Smith (1954) also discussed some osteological charac­
ters but gave some erroneous information.
S w im  B l a d d e r  (Pls 1 and 3): Gymnapogon africanus, 
G. annona, G. philippinus, and G. urospilotus were 
examined. All had a single composite bundle of 
retia m irabilia and an associated gas gland. Three 
specimens provided completely intact air bladders 
which showed the oval present on the dorsal side at 
the anterior end.
O s t e o l o g y : The salient features are shown in 
Plates 7, 9, 12, 13, 16, 18, 19, 20, 22, 23, 24, 25 and 
42 and Tables 1 and 5.
Caudal skeleton (Pl. 7): Three hypurals (par- 
hypural, one and two; three and four are fused), two 
epurals, no uroneurals and one autogenous haemal 
spine (penultimate) which becomes completely fused 
in the larger specimens.
Vertebrae (Table 1): 10+14. Epipleurals on all
but the last four pleurals. Lacking a pleural rib on 
the tenth vertebra.
Anal fin: Two spines, first pterygiophore with one 
spine; soft rays eight to ten.
Dorsal fins (Pl. 9): Six spines in the first dorsal; 
the first pterygiophore with only one spine. Second 
dorsal with one spine and nine to ten soft rays. A gap 
between the pterygiophores of the first dorsal and 
those of the second.
Predorsals (Pl  12): None.
Pelvic girdle: The ischial process elongated.
Pectoral girdle (Pl. 13): The postcleithrum a single 
(fused or lacking one of two bones), long, thin, rod-
like bone. No free medial extrascapular. Post-
tem poral smooth.
Jaws (Pl. 16): Supramaxilla absent. A narrow row 
of teeth present on the dentary and prem axilla; 
enlarged canines on the anterior end of the pre-
maxilla and on the anterior and medial portion of 
the dentary.
Suspensorium: Teeth on the palatine; none on 
the ectopterygoid.
Branchial apparatus (Pls 18 and 19): Suspensory 
pharyngeal ossified only at the tips or absent. Seven 
branchiostegal rays. 12 to 15 (10 to 12 well developed) 
gillrakers. Ceratohyal notched on the dorsal side.
Infraorbitals (Fig. 20): Six, with a well developed 
shelf on the third infraorbital.
Opercles (Pl. 22): Preopercle smooth on its ridge, 
unique among apogonid fishes in having a single, 
large spine on its posterior edge near the angle.
Neurocranium  (Pls 23, 24, 25 and 42): No basi- 
sphenoid. The intercalary facet for the lower fork of 
the posttemporal not included on the otic bulla. 
Vomer with a few teeth or one enlarged canine. 
No crest on the frontals.
Scales: Absent. Lateral line absent.
R e m a r k s : This genus is not intimately related to 
apogonids or other percoid fishes. Gymnapogon is not 
allied to Scombrops or Pomatomus. M ajor differences 
for Scombrops and Pomatomus are found in the num ber 
of vertebrae 10+16, the swim bladder (diaphragm 
type), num ber of predorsals (3), caudal skeleton 
(primitive percoid type) and in the shapes of the 
neurocrania. Gymnapogon is not related to the 
Gobioidei, a group which lacks a num ber of bones 
present in most percoids. Contrary to Regan’s and 
Sm ith’s statements that its skeleton is apogonid-like, 
Gymnapogon has no close relatives in the subfamily 
Apogoninae. Gymnapogon resembles the Apogoninae 
in num ber of vertebrae, in possessing two anal spines, 
and in its type of swim bladder (oval). The shape 
of the neurocranium, dorsal fin organization, no 
scales, no predorsals, caudal complex and large pre- 
opercular spine preclude any close relationship with 
the Apogoninae. The neurocranium  of Gymnapogon
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is similar in shape to Pseudamia and Pseudamiops and 
some other characters (dorsal fin organization, two 
epurals) indicate that it can be placed closer to these 
genera than to any other. Nevertheless, Gymnapogon 
differs from Pseudamia and Pseudamiops in possessing an 
infraorbital shelf, a single postcleithrum, no ecto- 
pterygoid teeth, no predorsals, no scales and a more 
highly fused caudal complex. Contrary to the views 
of Smith (1954) and R andall (1955), Pseudamiops 
does not form an intermediate link between Pseudamia 
and Gymnapogon. The problem of where to place 
Gymnapogon is in many ways comparable to problems 
attending the placement of Elassoma in the 
Centrarchidae.
EVOLUTIONARY TRENDS IN APOGONIDAE
Tables 2, 3 and 4
For percoid fishes, the Apogonidae are exceedingly 
rich in structural trends. These trends are not 
immediately apparent on external examination al­
though some clues are present. I believe that the 
Apogonidae are derived from a “percoid level” of 
organization rather than directly from a “ beryci- 
form level” . Most of the trends discussed necessarily 
concern changes in bone structures (although muscles, 
nerves and swim bladders m ay show im portant trends 
not discussed here) and are derived mainly from the 
examination of living species and from Patterson’s 
excellent work on fossil beryciforms and percoids.
Im portant trends occur in the caudal skeleton, 
dorsal fin, oral region including dentition and some 
characteristics of the neurocranium. O ther trends 
occur in the infraorbitals, pleural and epipleural ribs, 
hyal and branchial apparatus, opercular region, 
pectoral girdle, type of scales, pored lateral line and 
caudal fin shape.
C a u d a l  S k e l e t o n
Patterson (1968) discusses the changes that occur 
from the Leptolepiformes to the Acanthopterygii. 
The major trend involves the loss of elements: 
hypurals, uroneurals, epurals, centra and principal 
caudal rays. At the beryciform level the caudal 
elements include six hypurals, two pairs of uroneurals, 
three epurals, two ural centra, two pre-ural centra, 
at least two autogenous haemal spines, a parhypural, 
a low neural crest on pre-ural 1, and 10+ 9 or 9 + 9  
principal caudal rays and spinous secondary rays. 
The most complex caudal system described thus far 
in percoids, include five hypurals, two pairs of 
uroneurals, three epurals, one ural centrum, two pre- 
ural centra, two autogenous haemal spines, a par­
hypural, a low neural crest on pre-ural 1, 9 +  8
principal caudal rays and usually segmented secon­
dary rays. This is a change from the beryciform to 
Perciform condition of one hypural, one ural cen­
trum , one principal caudal ray and a loss(?) of the 
spinous condition of the secondary caudal rays. 
Numerous groups and species of “prim itive” per­
coids have this type of caudal skeleton as have been 
noted by Gosline (1961), M onod (1968) and Patter­
son (1968). All members of the Epigoninae (Pl. 4) 
have this type of caudal skeleton (as may Coranthus 
in the Apogoninae). No changes occur in the num ber 
of principal caudal rays, num ber of ural and pre- 
ural centra, hypural 5 and the low crest on pre-ural 
centrum  1 in any of the Apogonidae but fusions and/or 
losses are seen in all other elements.
Fusion and/or loss of the elements (Table 3) which 
undergo changes are independent or semi-inde­
pendent of one another. The hypurals are reduced 
in num ber by fusion of adjacent hypurals. Hypurals 
one and two fuse and hypurals three and four fuse 
resulting in two large plates. Fusions of hypurals one 
and two occur in other groups without three and four 
fusing and this plus some atypical fusions that most 
frequently involve hypurals one and two, indicates 
that there is a greater tendency for hypurals one and 
two to fuse first. Further fusions may involve the ural 
centrum  usually with hypural four or the fused plate 
formed by hypurals three and four, less often with 
the plate formed by hypurals one and two. Finally 
the large ventral plate may fuse to the ural centrum 
and to the upper hypural plate.
The parhypural (which is often called a hypural) 
fuses to the lower hypural plate.
The epurals m ay be reduced from three to two by 
reduction and loss of the third bone. Fusion (based on 
shapes) does not account for the loss of an epural in 
those species with two bones.
The two pairs of uroneurals undergo changes by 
reduction and loss. The second (caudad) pair are 
apparently lost first. The second pair is thin and 
possible fusion to the first pair (stegural of Monod, 
1968) can not be ruled out. The stegural is reduced 
in size to a pair of splint-like bones and finally 
disappears. Fusion with the ural centrum  does not 
occur.
Autogenous haemal spines become fused to their 
respective neural arches, in some cases only in larger 
individuals. Fusion of the haemal spines occurs 
first with pre-ural centrum  2 and then with pre- 
ural centrum  1.
The secondary rays which usually are segmented 
and bilateral become fused and are indistinguishable 
from spines. The principal caudal rays usually form 
a forked fin-shape but also may be truncated or 
rounded.
Thus in the Apogonidae some thirteen structurally 
different types of caudal skeletons may be found,
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excluding differences in the shape of the caudal fin. 
All can be derived from the most complex skeleton 
found within the family. Except for the “prim itive” 
percoid complement and the most simple derivative 
(loss of one pair of uroneurals only), all other types 
are found in different genera or subgenera. Contrary 
to some prevailing opinions, the caudal skeleton is of 
taxonomic value at levels lower than familial defini­
tion. The evidence also indicates in a small way a 
few of the permutations possible in this functional 
unit.
D o rsal  F in  S k e l e t o n
Examination of living beryciforms and literature 
on fossil forms (Patterson, 1964 and 1967) show that, 
in many, the spinous dorsal elements are confluent 
with the segmented rays. The spines gradually in­
crease in length from the dorsal origin to the first 
segmented ray. One may find this characteristic 
dorsal fin in the Pempheridae, K urtidae and some 
Centrarchidae. M any other percoids, however, 
usually have most of the dorsal spines about the same 
length and m aintain confluency with the segmented 
rays. A num ber of percoids either have a deeply 
notched or separated dorsal fin. In terms of dorsal fin 
organization the living Apogonidae begin with a 
deeply notched dorsal fin and changes commence 
from this point.
In  the Apogonidae the separation of all but the 
last dorsal spine from the soft (segmented and bi­
lateral) rays is well under way. The dorsal fin is 
deeply notched in all species and divided in most. 
Movement of the position of the dorsal fin spine 
origin relative to the second and third vertebrae 
does not occur except possibly in Pseudamiops. The 
first and eighth spine-bearing pterygiophores are 
of interest.
All species with a total of eight or nine externally 
visible dorsal spines always have two spines (Pl. 9) 
on the first pterygiophore. Species with seven ex­
ternally visible spines always have one spine on this 
pterygiophore. No intermediate condition is seen, 
i.e. two spines on the first pterygiophore but with the 
first spine reduced and hidden by a covering of skin 
and scales. For reasons given later the ratio of one 
spine to one pterygiophore for the first element 
is considered to be derived in the Apogonidae.
The eighth pterygiophore bears elements which 
show intermediate conditions and thus the probable 
path of evolution. Initially the eighth spine is visible 
externally (Pl. 8A) in Neamia but becomes further 
reduced and hidden (Pl. 8B and C) by skin and scales 
in Vincentia, Sphaeramia, some species of Glossamia 
and some species of Apogon, thus effectively reducing 
the dorsal spine count by one and completing the 
superficial division of the dorsal fin. Eventually
even this rem nant of the eighth spine disappears. 
Then the distal pterygiophore (radial) fuses to the 
proximal pterygiophore supporting the ninth spine 
(Pl. 8E). Fused traces of this distal pterygiophore 
ultimately disappear (Pl. 8F). The eighth and ninth 
pterygiophores undergo a change in shape (Pl. 9) 
and the gap between the dorsal fins is internally 
“widened” without shifting with respect to the seventh 
and eighth neural spines. All conditions except those 
with externally visible eighth dorsal spine and 
developed supporting elements are considered derived 
in the Apogonidae.
Simultaneous examination of both ends of the 
spinous first dorsal shows that the two processes are 
not closely correlated. Species with two spines on the 
first pterygiophore show the complete range of re­
duction and loss of the eighth spine and related 
elements. Species with one spine on the first ptery­
giophore have the range from a hidden eighth spine 
to reduction and loss of related elements. Thus 
species with seven spines in the first dorsal fin may 
have been derived by two different pathways. And 
it follows that the six-spined species may also have 
independent origin but the evolutionary sequence is 
not indicated as in the seven-spined state. The num ber 
of dorsal spines is constant in 14 genera, varies by 
one in Glossamia, and Siphamia and varies by two in 
Apogon (Table 5). The externally visible num ber of 
first dorsal spines varies by one only in Siphamia, 
Rhabdamia and Apogon.
U pon examining the num ber of dorsal spines and 
correctly relating them to the supporting pterygio­
phores (Lindsey, 1955), I find the first two spines lack 
supporting pterygiophores, being supported by the 
pterygiophore metamerically related to the third 
dorsal spine (in those species with two spines on the 
first pterygiophore). One hypothesis (cf. Smith and 
Bailey, 1961) states that the predorsal bones are the 
supporting remnants of spines that have been lost or 
shifted caudad—if so, we can account for two of the 
typically three predorsals present. Therefore the 
primitive num ber of dorsal spines must be at least 
nine. The remaining predorsal must have borne a 
spine at one time and the absolute primitive num ber 
must have been ten spines in the Apogonidae. One 
weakness of this hypothesis is that all “ lower per­
coids” (sensu Gosline, 1966a) with three predorsals 
examined by me and reported on in the literature 
by many workers have only two spines on the first 
pterygiophore, never three. This relationship is 
irrespective of the total num ber of dorsal spines 
(8-12). Current knowledge of fossil acanthopterygians 
(cf. Patterson, 1964, 1967; Blot, 1969) also points 
to this weakness. The first three predorsals may be 
supraneurals and the spines at the anterior end of 
the fin lacking metamerically related pterygiophores 
must have then appeared de novo, perhaps for addi-
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tional stiffening of the leading edge of the fin. In  this 
hypothesis the primitive num ber of dorsal spines 
would be nine in the Apogonidae. I t  would be 
unnecessary to postulate a missing spine for the first 
of the typically three predorsals. In  no way do I 
dispute that some of the caudad predorsals are in 
fact pterygiophores particularly when a spine shift 
or loss is obvious (Centrarchidae). Courtenay and 
M cKittrick (1970: 136) have suggested that the 
predorsals which form the base of the vexillum in 
some ophidioid fishes may have a similar function in 
the larval stages of some percoids. They also indicate 
the possibility that the predorsal bones m ay be 
unrelated to the dorsal pterygiophores but are per­
sistent supporting structures functional only in larvae.
The primitive percoid num ber of predorsals 
(three) is common in the Apogonidae (Smith and 
Bailey, 1961). Losses of predorsals are common in 
the Apogoninae and Pseudaminae. There is no 
correlation of predorsals with the num ber of dorsal 
spines, especially the one or two borne by the first 
pterygiophore. Most apogonid fishes have predorsals 
and the spinous bearing pterygiophore in a particular 
relationship to each vertebra—predorsals occurring 
over the first two vertebrae, the first pterygiophore 
over the third vertebra, two pterygiophores between 
the third and fourth vertebral spine and thereafter 
one pterygiophore to each vertebra for the spinous 
dorsal. Only Pterapogon (Quinca) and Pseudamiops 
depart from this pattern. Pterapogon (Quinca) also 
has two pterygiophores occurring between the fourth 
and fifth vertebral spine instead of one, and in 
Pseudamiops some specimens have shifted the first 
pterygiophore behind the third vertebra. W ith these 
facts we may now consider the hypothesis suggested 
by Smith and Bailey (1961) bearing in mind that 
many of the percoids they examined also show fixed 
relationships of predorsals and dorsal pterygiophores 
to vertebrae (except in the Centrarchidae).
The evolution of the spinous dorsal and the pre-
dorsals in relation to their respective vertebrae 
suggests that Smith and Bailey (1961) probably are 
incorrect about the derivation of 0-0-0-2- formula 
from the 0-0-1- formula for percoids. Probably the 
reverse is true, for there is no shift of the first dorsal 
spine posteriorly with respect to the vertebrae in most 
lower percoids—that is, gaining a predorsal where 
once there was a pterygiophore supporting a spine, 
with the spine moving back one vertebra to the next 
pterygiophore. I t is because of this last fact that at 
least the first three “predorsals” may actually be 
supraneurals and these additional spines on the first 
pterygiophore are de novo. A study of their plate 1 
p. 363) deriving D and H from C, and I from H is 
not logically explained using their arguments when 
one takes into account the relative positions of the 
predorsals, spines, pterygiophores and neural spines.
In  comparison, their derivations of F from C and J  
from I are logically explained. I would rearrange 
their scheme slightly taking into account the shifting 
of the dorsal forward, caudad, and no change at all 
(Table 2). From this diagram  an idea can be ob­
tained of how many different ways the same formula 
could be derived but with different or similar verte­
bral positions.
The hypothesis is improved by considering the 
additional positional factor provided by the verte­
brae in relation to the secondarily metameric dorsal 
fin (Lindsey, 1955). This additional factor makes 
it rather difficult to derive the 0-0-0-2- from the 
0-0-1- formula without a fin-spine shift. I t is perhaps 
better to consider the present 0-0-1- formula as being 
derived (a loss of a predorsal) from a 0-0-0-1- without 
a fin shift. The 0-0-0-2- or 0-0-0-3- formulae cannot 
be explained by caudad movements of spines re­
sulting in new additional predorsals when no fin-spine 
shift occurs from a “ prim itive” 0-0-1- or 0-1- pattern. 
A likely explanation is by the addition of new spines 
to a single pterygiophore, the one possibility Smith 
and Bailey considered inconsistent with the stability 
of percoid fins (p. 349) bu t nevertheless used in their 
plate (p. 363) outlining trends in deriving H  from 
C, and in their Centrarchinae line (fig. 1).
O r a l  R eg io n
In a num ber of beryciforms (extinct and living) 
wide bands of Villiform teeth may be found on the 
premaxillae, dentaries, palatines, ectopterygoids, 
endopterygoids, vomer and sometimes on the basi- 
hyal (Patterson 1964). Only a small num ber of per­
coids have endopterygoid teeth (examples may be 
found in the Centrarchidae, Kyphosidae, Kuhliidae, 
M onodactylidae). Members of these same families 
and a num ber of other families such as the Carangi- 
dae, Centropomidae, Percidae, Percichthyidae, and 
Serranidae have ectopterygoid teeth. Most percoid 
groups lack ectopterygoid and endopterygoid teeth.
In the Apogonidae, no genus has teeth on the 
endopterygoid and only Glossamia, Apogonichthys 
ocellatus, Pseudamia and Pseudamiops have ectoptery­
goid teeth. M any genera have teeth on the palatines 
but this varies from a wide band to a single row of 
teeth. Some genera and species lack palatine teeth. 
Teeth on the vomer vary from a wide band to a single 
row or absent. Some have one or two enlarged canine-
like teeth on the vomer. Premaxillary and dentary 
teeth also vary from a wide band to a single row. 
Secondarily some have enlarged canine-like teeth. 
One species, Glossamia aprion, m ay commonly have 
teeth on the basihyal.
Two well known changes occur in the hyal series. 
Beryciform fish usually have eight branchiostegals and 
a perforated ceratohyal (McAllister, 1968). In  prim i-
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tive percoids one of these anterior branchiostegals has 
been lost but the perforated condition is retained in the 
ceratohyal. All apogonids examined have seven 
branchiostegals. However, no apogonid has retained 
a perforated ceratohyal. The upper portion of those 
genera with a deep notch is unossified. This deep 
notch, a rem nant of the perforated condition, gra­
dually flattens out until the dorsal surface of the 
ceratohyal becomes completely smooth (Pls 17 and 
18).
Another change of unknown significance in the 
hyal series concerns the nature of the suture zone 
between the ceratohyal and epihyal. The evidence of 
McAllister (1968: 101-2) and Patterson (1964,
numerous illustrations) indicates that no beryciform 
fish has a dentate bony junction on the mesial side of 
the ceratohyal and epihyal interface. McAllister 
(1968: 136-7) indicates that the more primitive 
members of the Perciformes have a suture (or dentate 
zone) between the ceratohyal and epihyal. My present 
observations of lower percoids agree with this state­
ment. Among the Apogonidae only the Epigoninae and 
Glossamia have a suture on the mesial side of the inter­
face between the ceratohyal and epihyal (Pl. 17). 
This suture may also occur in Coranthus but this 
character was not investigated.
An im portant change occurs in the num ber of 
supramaxillae in beryciform and percoid fishes. 
Two supramaxillae are present above each maxilla in 
m any beryciforms and the second one has a distinc­
tive shape (Patterson, 1967: 87, fig. 6). No percoid has 
yet been found with both supramaxillae. In a num ber 
of percoids the shape of the single supramaxilla is 
similar to the second supramaxilla of beryciforms 
suggesting that the anterior supramaxilla is lost in 
percoids. In  the Apogonidae the single supramaxilla 
lacks this distinctive shape (Pl. 14) and is only well 
developed in Glossamia, Coranthus and in one subgenus 
of Apogon (Yarica). Reduction in length and width 
occurs and in most groups the supramaxilla is absent.
I n fr a o r b it a l s
As shown in some of Patterson’s figures (1969) fossil 
beryciforms have five infraorbitals, including the 
lachrymal, and have a developed shelf on the third 
bone and sometimes shelves on other bones. All living 
beryciforms (including Melamphaes and Myripristis) 
which I examined, have six infraorbitals except for 
Stephanoberyx and Gibberichthys which have five. I t  may 
be that the last bone in the series (dermosphenotic) 
is lost or very hard to recognize. In  any case I cannot 
explain this difference. Smith and Bailey (1962: 1) 
remark that the infraorbitals, excluding the ant- 
orbital, are usually constant in num ber (6) in teleost 
fishes. This generality is true for the Apogonidae; only
the Epigoninae have more and only Pseudamiops 
pellucidus has fewer.
Two major trends Smith and Bailey (1962) des­
cribed for the infraorbital shelf occur in this family. 
Firstly, increased bracing occurs in two different 
ways. In  many species a well developed ligament 
extends from the mesial edge of the shelf attaching 
to the dorsal surface of the ectopterygoid. In  some of 
these species the ligament also connects to the anterior 
edge of the hyom andibular or posterior edge of the 
metapterygoid. These arrangements differ from those 
described for Centropomus by Smith and Bailey. 
Fowleria has additional shelves developed on the 
fourth and fifth bones similar to those in Myripristis 
and Plectrypops.
The second major trend involves the loss of the shelf. 
The shelf is absent in genera of all three apogonid 
subfamilies. None of the freshwater species lacks the 
shelf but a num ber of pelagic or midwater represen­
tatives, Epigonus, Florencialla, Rhabdamia ( Verulux and 
Bentuviaichthys), have lost the shelf. In  the typical sub-
genus of Rhabdamia the infraorbital shelf is reduced. 
The loss of the shelf in species which may not be 
pelagic as indicated by body shape (Sphaeramia, 
Apogon (Zoramia), Pseudamia and Pseudamiops) and 
whose m outh parts are not exceptionally mobile in­
dicate that explanations other than the three proposed 
by Smith and Bailey (1962: 4-5) must be sought. 
I am not certain that these explanations are altogether 
valid, especially those dealing with freshwater or 
pelagic fishes for which we have numerous excep­
tions. Is it not more likely that the shelves which 
suddenly appear in beryciform fishes, but not in lower 
teleosts (excepting Notopterus and the Myctophidae), 
are on the way out by the time a percoid level of 
organization is reached ? Thus one sees a mosaic pat­
tern in the loss of one adaptive character which is best 
developed in the Perciformes (particularly Percoidei, 
but absent in at least six other suborders) by virtue of 
present numerical dominance over the Beryciformes. 
There is a complete absence of the shelf in groups 
which may have arisen from perciform fishes or other 
possible beryciform offshoots like the Pleuronecti- 
formes, Zeiformes, Lampridiformes and Tetraodonti- 
formes (Smith and Bailey 1962: 6-9).
V e r t e b r a e  a nd  R ibs
The num ber of vertebrae is relatively constant in 
the Apogonidae (Table 1): 10 + 15 in the Epigoninae, 
10+14 in the Apogoninae (except 10+15 in Vincen- 
tia) and 10+14 in the Pseudaminae. These two counts 
are considered by some ichthyologists to be primitive 
for percoids although many living berycoids have 
more than 27 vertebrae (Beryx has 10+14). Fossil 
berycoids reported on by Patterson (1964, 1967) have 
22-8 vertebrae. I would tend to agree with Gosline’s
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(1966a: 106) statements about the lack of a fixed 
num ber of vertebrae in the Percoidei. This seems to be 
true in the Percichthyidae, Centrarchidae, Sciaenidae 
and Percidae. O ther families have a large num ber of 
species and genera in which the vertebral counts are 
very constant. General invariability in the num ber of 
vertebrae particularly at the family level indicates a 
specialization -  a step probably twice removed from 
the beryciform level or organization, I believe. Thus 
while 24 vertebrae may be one of the counts (22-35) in 
primitive Acanthopterygii it is definitely not “ the” 
primitive number. I t certainly no longer represents a 
primitive num ber (i.e. unstable or varying between 
related genera) in those families where most genera 
have 24 vertebrae. Such a progression in primitive 
Acanthopterygii would begin with a variable num ber 
of vertebrae within a family (perhaps to the species 
level) at the subgeneric or generic level. Succeeding 
groups could retain such a trait or begin to stabilize 
the count -  i.e. fewer genera showing different counts. 
The stabilization then proceeds to higher levels such 
as tribes, subfamilies and families in more recently 
derived groups. This may be a subtle difference but is 
im portant in consideration of evolutionary levels 
attained by genera, subfamilies and families in the 
Percoidei.
Pleural ribs are nearly always present from the 
third to tenth precaudal vertebra in apogonids 
(Table 1.). Occasionally pleural ribs are lacking on 
the tenth vertebra or may be flattened and expanded 
instead of the typical rod shape of the others. Epi- 
pleural ribs are present on all precaudal vertebrae or 
pleural ribs only in N eamia. In  all other genera the 
tenth epipleural rib is absent and usually the eighth 
and ninth epipleural ribs are also absent. Further 
reductions occur in the Pseudaminae where Pseudamia 
has only the first five or six and Pseudamiops has only 
the first two vertebrae with epipleural ribs.
O p e r c u l a r  R eg io n
No fundam ental bone trends occur in this region; 
however, the relative Spination or serrations of the 
opercle and preopercle are of some interest as changes 
occur within the Apogonidae. The Epigoninae have 
three well developed opercular spines and may have 
subsidiary spines, whereas the Apogoninae and Pseu­
dam inae have only one poorly developed spine which 
is in fact only a supporting strut for the thin opercular 
bone posteriorly (Pl. 23). Gosline (1966a) has indi­
cated that the num ber of opercular spines is of use in 
the Serranidae and Percichthyidae and I find it of 
some value in the Apogonidae.
The preopercle shows various degrees of serrations 
on its exposed edges. The posterior and ventral edges 
and the ridge are serrated in a few species. M any 
species have the posterior and ventral edges serrated,
with the ridge being smooth. In  others, the ventral 
edge is smooth or poorly ossified but the posterior 
edge serrated. A num ber of genera have all the exposed 
edges smooth. The young of a few species may have 
weakly serrated edges but the adults smooth edges. 
Only Gymnapogon has a single large preopercular 
spine.
The spine and serrated conditions of the opercle and 
preopercle in berycoids and other percoids may sug­
gest that a spiny condition may be ancestral but 
whether this is true for the Apogonidae is debatable.
S p h e n o id  S er ies
This series of bones extends from the parasphenoid 
dorsally to the basisphenoid then anterodorsally to the 
pterosphenoids and orbitosphenoids. Changes in the 
shape and function of some of these bones may be 
traced back to the early teleosts. Authors, such as 
Patterson (1964), have described the differences in the 
functions of these bones when the major bite of the 
mouth shifted from the parasphenoid-basihyal area 
to the dentary -  premaxilla anteriorly and the pha­
ryngeal teeth posteriorly. The importance of the 
orbitosphenoids became less when it was no longer 
necessary to support the parasphenoid. The orbito­
sphenoids are reduced in size and loss occurs in a 
mozaic pattern.
The transition state for beryciform and percoid 
fishes from reduced orbitosphenoids to their loss seems 
to occur without exception in percoids. An orbito- 
sphenoid has been reported in Kurtus, sole member of 
the dubious suborder Kurtoidei (de Beaufort: 1914, 
Pl. 12; Tom inaga: 1968, 87). In  my specimen of 
Kurtus indicus this bone represents fused pterosphe­
noids and the orbitosphenoid is not present, a fact 
later noted by de Beaufort (1951: 82). In all the 
beryciforms which have orbitosphenoids (absent in 
the Stephanoberycoidei) the pterosphenoids also meet 
along the midline (see fig. 1 in Starks, 1904). This 
same configuration occurs in some of the percoids 
(Serranidae sensu lato, K atayam a 1959; Pempheridae, 
Tominaga, 1968; Pomatomidae, pers. obs.) except 
that an unossified area occurs where one would 
expect to find the orbitosphenoids. More commonly 
seen in percoids is the configuration where the 
pterosphenoids do not meet along the midline but are 
apart, leaving a large opening at the front of the brain 
cavity. Observations about these two configurations 
need more study to determine whether a secondary 
meeting of the pterosphenoids occurs in percoids. 
The Apogonidae never have the pterosphenoids 
meeting at the midline.
Most beryciforms have a basisphenoid although it 
may be absent in some Stephanoberycoidei. Most of 
the percoids I examined also have the basisphenoid. 
In  the Apogonidae this bone is undergoing active
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reduction and/or loss. A complete basisphenoid is 
present in eight genera, reduced to the upper portion 
(meningost) having lost the shank portion (belophram) 
in three genera, and completely absent in eight genera 
(Pl. 25). In  Phaeoptyx the complete sequence from its 
presence to absence occurs and in Rhabdamia it is 
present in two of the subgenera and absent in the 
third. Loss of the basisphenoid is independent of 
phyletic relationships although one major line shows a 
strong tendency to lose this bone. I can find no trend 
which will explain the loss of the basisphenoid, this 
being in contrast to Gosline’s suggestion (1968: 20-1) 
about ophidioid fishes.
None of the species in the Pseudaminae has a 
basisphenoid and the usual groove for the anterior 
section of the pars jugularis is absent. The section of 
prootic bone which normally separates the parasphe- 
noid from the pterosphenoid is reduced or absent, 
resulting in the meeting of the pterosphenoid and 
parasphenoid. This condition does not occur in other 
apogonids and may not be common in percoids. 
Springer (1968: 43-5) noted such a condition among 
the Blenniidae where the parasphenoid not only 
meets the pterosphenoid but also meets the frontals 
and usually excluded the pterosphenoid from the 
inner edge of the orbit.
P e c t o r a l  G ir d l e
No trends are apparent. Changes occur in several 
of the bones: the posttemporal may be smooth or 
serrated; a free medial extrascapular is present in the 
Epigoninae, Pseudamia and one species of Siphamia; 
and only Gymnapogon has one postcleithrum, all others 
have two.
B r a n c h ia l  A p pa r a t u s
No trends are apparent. Changes occur in several 
of the bones. The suspensory pharyngeal (first pha- 
ryngobranchial) which is usually well developed and 
ossified is poorly ossified in Gymnapogon and lacking in 
Apogonichthys, Fowleria and Astrapogon (Pl. 19). A few 
apogonids have five developed upper pharyngeal 
tooth patches. Most species have four with the reduc­
tion and loss of the second epibranchial tooth patch 
or its fusion to the tooth patch on the second pharyn- 
gobranchial. Two species of Cheilodipterus and one 
species of Apogonichthys have lost the tooth patch on the 
second pharyngobranchial and only have three upper 
pharyngeal tooth patches.
N eu r o c r a n iu m
The shapes of neurocrania vary in the Apogonidae 
and are in part a reflection of the body shape. I 
cannot find any major trends. The development of a
large supraoccipital crest is associated with deep, 
compressed bodies, as is an abundance of crests on the 
frontals. The intercalary facet may be either on or off 
the expanded otic bulla but a large portion of the 
intercalary forms a part of the otic bulla in most 
apogonids. The skull is well ossified even in the smaller 
species.
S cales
Most species have ctenoid scales, a few have cycloid 
scales, and one group (Gymnapogon) lacks scales. Pored 
lateral-line scales are developed to various degrees. 
Most species have a complete lateral line with the 
pored scales extending onto the base of the caudal fin, 
but the lateral line extends nearly to the posterior 
tip of the caudal fin in the Epigoninae. In  Vincentia 
those scales on the caudal fin have fused into one 
large scale with numerous pores. In  other apogonids 
the pored lateral line is variously reduced or absent. 
No apogonid was found to possess a well developed 
axillary scale process at the base of the pelvic spine.
G e n e r a l  R em arks
The above discussions demonstrate that, for many 
characters, the Apogonidae are removed from the 
beryciform level of organization by at least one to two 
intermediate stages. M any of their characters can be 
directly derived from a percoid level of organization 
and have been subsequently modified within the 
family. These deductions lead me to conclude that the 
Apogonidae can not be considered as being among the 
most primitive living percoids. Apogonids do possess 
some characters of a primitive percoid level of 
organization but in a confusing mosaic array -  
indicative of the complex problems encountered in 
attempts to evaluate percoid characters. These 
problems will continue to defy attempts to understand 
acanthopterygian phylogenies and relationships 
among genera, families and higher levels until we 
have adequate, comparative data. Surveys of single 
systems (functional units) often lead to conflicting 
conclusions.
Despite their obvious adaptations to life in deeper 
water the Epigoninae may likely be considered the 
most primitive subfamily in the Apogonidae (Table 
4, Pl. 43). In  the Apogoninae, Glossamia and Coran- 
thus retain more primitive characters than other 
genera (Table 5). The Pseudaminae represent the 
most advanced subfamily with Pseudamia retaining 
more primitive characters than the remaining two 
genera.
EVOLUTION AND ZOOGEOGRAPHY
Because the Apogonidae have a poorly known fossil 
record, earliest otoliths are reported in the Eocene
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(Table 6), relationships and interpretations of evo­
lution can only be based on the living species. We do 
not know whether the group originated in freshwater 
or shallow marine seas, but a latter origin seems more 
likely.
The Epigoninae are not considered in this dis­
cussion because no living members of the Apogoninae 
and Pseudaminae can be derived from living epi- 
gonines. Differences among the three subfamilies are 
extensive. The 19 genera and 14 subgenera recognized 
in the Apogoninae and Pseudaminae are based largely 
on internal anatomy and external characters (Table 
5). Plate 44 gives one proposed phylogenetic tree for 
the Apogoninae. No m atter how one rearranges such 
a  tree, im portant characters once lost must be assumed 
to reappear or to have been retained in certain 
more advanced genera, but lost in the more primitive 
genera. Examination of various functional units and 
evolution of single characters will give differing 
phylogenies. Independent losses of some characters 
and parallel development of advanced characters are 
also features of this hypothesis. Each major branch 
follows several trends which appear to be characteris­
tic of the groups.
Differences among the several groups of genera are 
not so sharply defined. In  the major line Gloss amia to 
Vincentia the tendency is to lose the basisphenoid, for 
the caudal fin to become rounded, to retain a small 
supramaxilla, to be sombrely coloured and perhaps 
to have more cryptic habits. In the other major line, 
Coranthus to Rhabdamia, a trend is evident to retain the 
basisphenoid, forked caudal fin, along with brighter 
colour patterns, to lose the supramaxilla and perhaps 
to have less cryptic habits. Apart from these trends 
the genera have been placed closest to those advanced 
and primitive groups which agree best on the majority 
of characters. The evolution of character states in the 
Apogonidae is given in Table 4, and in Table 5 some 
character states listed as primitive or advanced 
are presented for all the genera and subgenera of 
Apogoninae and Pseudaminae.
We have no idea of the rates of evolution in the 
Apogonidae. W hen one looks at the changes occurring 
in various trends from beryciforms to perciforms and 
subsequent changes in the Apogonidae it is obvious 
that these trends are changing at different rates for 
they are largely independent of one another. The 
species and generic groupings in the Apogonidae 
probably evolved at different rates but we may not be 
able to distinguish which were slower or faster. For 
example, is the large genus Apogon the last major 
radiation of this family? — the only major radiation? — 
or both? — is it declining in num ber of species? — 
increasing in num ber of species? -  or remaining just 
about the same? -  does the Glossamia-Fowleria line 
represent an older radiation which has declined in 
species leaving bigger gaps, justifying generic ratings
as opposed to the numerous subgenera in Apogon? 
Knowledge of the distributions and habitat prefer­
ences may reinforce the concepts of some genera and 
indicate minimum age for some, but not all, groups.
The general distribution of the better known genera 
of the Apogoninae and Pseudaminae is as follows:
Glossamia, Australia to New Guinea in freshwater 
rivers and bays; Vincentia, southern Australia to Tas­
m ania; Apogonichthys, East Africa to Hawaii; Foa, 
East Africa to Haw aii; Fowleria, East Africa to M ar­
shall Islands; Neamia, East Africa to Philippine 
Islands; Cheilodipterus, East Africa to M arshall Islands; 
Sphaeramia, East Africa to Philippine Islands; Archa- 
mia, East Africa to M arshall Islands; Phaeoptyx, Gulf 
of Guinea to western tropical A tlantic; Astrapogon, 
western tropical Atlantic; Siphamia, East Africa to 
M arshall Islands; Pseudamia, East Africa to Gilbert 
Islands; Pseudamiops, East Africa to Hawaii; Gymna- 
pogon, East Africa to M arshall Islands; Rhabdamia 
(Rhabdamia), East Africa to M arshall Islands; Rhab­
damia ( Verulux), East Africa to M arshall Islands; 
Apogon (Apogon), all tropical and subtropical regions; 
Apogon (Brephamia), Philippine Islands to Indonesia; 
Apogon (Lepidamia), East Africa to Philippine Islands; 
Apogon (Nectamia), East Africa to Hawaii; Apogon 
(Paroncheilus), Gulf of Guinea to western tropical 
Atlantic and islands; Apogon (Pristiapogon), East 
Africa to Hawaii; Apogon (Pristicon), Australia to 
M arshall Islands; Apogon (Yarica), Indonesia to 
Philippine Islands; Apogon (Z apogon), Caribbean Sea 
and Hawaii; Apogon (Z oramia), East Africa to Guam.
U ntil more critical publications are forthcoming in the 
Indo-Pacific region and each genus group is revised 
these crude distributions will suffice. (N o t e : Ptera- 
pogon, Coranthus and Rhabdamia (Bentuviaichthys) have 
been reported so few times as to require their exclusion 
from this discussion.)
The Indian and Pacific Oceans have a large num ber 
of genera and subgenera in common (13 genera, 
about 6 subgenera). Glossamia is restricted to the 
Australian and New Guinean region, Vincentia to the 
south Australian and Tasm anian region, two sub-
genera of Apogon to the Indonesian and Philippine 
Islands region, and one subgenus of Apogon in the 
Australian to Marshall Islands region.
The Atlantic Ocean is very poor in apogonid genera 
(3 genera and 3 subgenera) and only Astrapogon is 
restricted to the western tropical Atlantic.
Apogon (Apogon) is found in all tropical and sub­
tropical regions and is the only subgenus with such a 
complete distribution. Apogon (Z apogon) shows indi­
cations of the same distribution but is presently known 
only from the Caribbean Sea in the Atlantic and the 
Marquesas (Randall, in litt.) and Hawaiian Islands in 
the Pacific. I expect that this group will be found in
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the Indian Ocean. The two species described in 
Apogon (Z apogon) are very closely related and studies 
may show them to be conspecific.
Apogon (Apogon) is the most relevant with regard to 
possible minimum age of the group. It seems to have a 
Tethyan distribution which has been broken up by 
isolation of the M editerranean beginning in the Oligo- 
cene and Miocene (Fell, 1967; Kummel, 1961). A 
second break occurred when North and South Ameri­
ca became last joined together in the Pliocene (Dur­
ham  and Allison, 1960). A third barrier of unknown 
significance, the East Pacific Barrier, may have also 
influenced apogonid distribution to the eastern 
Pacific shores. Only species of the subgenus Apogon 
occur in the eastern Pacific (westward limit G uada­
lupe Island to Galapagos Islands). For some unknown 
reasons no other groups of Indo-Pacific or Atlantic 
groups have been reported in the eastern Pacific 
area. This m ay indicate that the eastern Pacific 
Apogon more likely originated from the Atlantic Ocean 
pathway. I f  fishes in the subgenus Apogon did not cross 
the East Pacific Barrier then the only other pathway 
available to explain present distribution occurred 
prior to and during the Oligocene between Africa and 
the Middle East. Thus Apogon (Apogon) must date 
back to at least the Oligocene. The anatom y of Apogon 
(Apogon) indicates a derived apogonid group and 
therefore its ancestors must have been living prior to 
the Oligocene and the family probably appeared 
during the interval between the U pper Cretaceous 
and Eocene.
Except for the Epigonine (deepwater), Vincentia 
and Apogon imberbis all other Apogonidae live in 
regions where the water tem perature is usually above 
20°C throughout the year. The preference for warmer 
water may provide, in part, an explanation for why so 
few genera and subgenera now occur in the Atlantic. 
Briggs (1970) gives a review of the tem perature 
changes in the past history of the North Atlantic 
Ocean. Possibly the lowering of the water tem perature 
in the Atlantic Ocean may have killed off the less 
tem perature resistant groups which may have invaded 
the Atlantic Ocean prior to or during the Oligocene. 
M any workers have invoked this explanation for the 
lower diversity seen in the tropical Atlantic Ocean 
fauna. I cannot accept this reasoning (3 genera, 3 sub-
genera versus 17 genera and 13 subgenera) on the part 
of tem perature changes alone for the Apogonidae.
Given the rough estimate of age of Apogon I favour 
the idea that representatives of some of these 17 other 
genera and 13 subgenera never successfully colo­
nized the Atlantic. There are a num ber of possible 
hypotheses: 1. unfavourable habitats existed between 
the Caribbean Sea and the Indian Ocean which 
prevented dispersal via the Tethys Sea; 2. the family 
originated late in the Eocene and was generally unable 
to take advantage of the Tethys pathway which
closed in the Miocene and was affected by cooler 
temperatures earlier in the Oligocene; 3. the sub-
genus Apogon has (or had) greater (faster?) dispersal 
powers than the other groups and the method of entry 
was across the East Pacific Barrier and through the 
waterways open prior to the Pliocene between North 
and South America -  thus the origin of the family 
could have occurred later in the Oligocene or M io­
cene.
All of these m ental gymnastics presuppose that the 
Apogonidae originated somewhere in the Indo- 
Pacific, probably Australasia. One may then con­
veniently try to explain the distribution of the Indo- 
Pacific genera and subgenera on this basis, but what of 
the unique groups (Phaeoptyx, Astrapogon, Apogon 
(Paroncheilus) found only in the Atlantic? Apogon 
(Paroncheilus) appears to be a simple derivative of an 
Apogon (Apogon) stock. However Phaeoptyx and 
Astrapogon have no such simple derivations. Their 
restricted distributions may indicate an origin in the 
Atlantic and if this is so -  are they derivatives of 
Apogon (Apogon) stock? If  Phaeoptyx and Astrapogon are 
related to Apogon then the relationship is distant. 
Astrapogon is one of the most specialized groups in the 
Apogonidae and it is extremely difficult to see a direct 
relationship to Apogon. O n the other hand a possible 
relationship between Apogon and Phaeoptyx is much 
more probable but a direct derivation again is unlike­
ly. Finally are Astrapogon and Phaeoptyx closely related 
to each other ? Again I find evidence favouring either 
position to be advocated. Here, Astrapogon is inter­
preted to have more affinity with the Glossamia line 
than the Apogon line and the reverse for Phaeoptyx.
Aside from the problems of where genera may have 
originated and their geological age, interesting cases 
of parellelisms occur in the genus Apogon relative to 
other genera proposed here. Apogon is probably the 
most recent (only?) major radiation of the Apogoni- 
nae and invasions of different types of habitats 
may be expected. In the cases of Apogon (Yarica) and 
Glossamia, and Apogon (Z oramia) and Archamia enough 
differences exist to w arrant the idea of independent 
origins. However, in the case of Apogon (Nectamia) and 
Rhabdamia the differences do not preclude a direct 
origin from Apogon for all the changes in structure can 
be accomplished without reappearances of any 
character previously lost. Simple parallelism also 
could explain this situation, and if there is any direct 
relationship between time and morphological change, 
then this explanation is the more likely.
This discussion on limited aspects of the evolution 
and zoogeography of the Apogoninae and Pseudami- 
nae indicates that there is much to be learned about 
living members. Although the family is fairly well 
collected, new species are described nearly every year. 
This fact and the need for revisionary studies of the 
species in nearly every group suggest that there will be
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modifications of the classification, evolution and zoo­
geography in the future.
FAMILIAL RELATIONSHIPS
At least six characters may be especially im portant 
in relating families of percoid fishes: 1. presence of an 
axillary scale process at the base of the pelvic spine; 
2. type of swim bladder; 3. num ber of anal spines; 4. 
num ber and form of the dorsal-fin elements; 5. num - 
ber of precaudal, caudal vertebrae and associated 
elements; 6. pattern of the peripheral nervous system 
and foramina associated with major nerve trunks. 
O ther characters such as the degree to which the 
maxilla is sheathed by the lachrymal, type of mouth 
and associated musculature and ligaments, presence 
or absence of an infraorbital shelf, lateral-line charac­
teristics and areas of scalation also may be im portant. 
The interpretations of various combinations of these 
characters is subjective. Classifications have been 
established on the basis of one or two of these charac­
ters; though the simplest to construct, they are also 
the least meaningful.
In the Apogonidae the axillary scale process is not 
developed; the swim bladder has an oval on the 
antero- or posterodorsal side and is without anterior 
projections or a posterior projection enclosed by a 
haemal pterygiophore; two anal spines; 10+14 and 
10+15 vertebrae with a maximum of eight pleurals 
and ten epipleurals (usually eight or nine), three 
epurals, a maximum of two pairs of (usually one pair) 
uroneurals, five hypurals, a parhypural, and two 
autogenous haemal spines; a maximum of nine dorsal 
(usually seven or eight) spines and three predorsals; 
no detailed information available on the peripheral 
nervous system of the three subfamilies [no ramus 
lateralis accessorius in three species representing 
three genera in the Apogoninae (Freihofer, 1963); a 
well developed ramus canalis lateralis system in 
Apogon astradorsatus and less developed in Epigonus 
robustus (Freihofer, 1970)], the trigeminal chamber 
with a separate foramen for the hyom andibular 
trunk of the facial nerve. W ith regard to the 
other characters, the Apogonidae have the maxilla 
partially or completely sheathed by the lachrym al; a 
terminal mouth with ligaments from the ethmoid to 
the maxilla, from the palatine to the premaxilla and 
maxilla; the infraorbital shelf present or absent; the 
lateral line extending far onto caudal fin or not; the 
nape and cheeks scaly but the maxilla, snout, occiput 
and median fins naked (in the Epigoninae the median 
fins are heavily scaled).
The Apogonidae may be derived from a percoid 
stock rather than a beryciform stock, but cannot be 
numbered among the most primitive of living percoid 
familes. U ntil studies of other natural groups are 
available, especially more primitive percoids sup­
posedly related to the Apogonidae, it is impossible to 
provide a meaningful discussion on the family 
relationships of the Apogonidae. They may have 
near relatives in the Centropomidae and Sciaenidae.
PROVISIONAL ALLOCATION OF GENERA 
COMMONLY REFERRED TO THE 
APOGONIDAE
The genera listed have on occasion been referred to 
Apogonidae (Golvan, 1962; Norm an, 1966; Parr, 
1933; Schultz, 1940). These genera cannot be placed 
in the Apogonidae as now defined.
The major reasons for exclusion from the Apogoni­
dae are given after each genus. Placement into sug­
gested families may or may not be in agreement with 
current concepts of these families. Analysis of these 
genera is not detailed.
Howella -  Family Percichthyidae.
Diaphragm  swim bladder, three anal spines, 
three major opercular spines, interopercular and 
subopercular spines.
Bathysphyraenops -  Family Percichthyidae.
Three anal spines, two opercular spines, inter-
opercular and subopercular spines (closely related 
to Howella).
Synagrops -  Family Percichthyidae.
Diaphragm swim bladder, anterior extensions of 
the swim bladder to the otic region, ceratohyal 
with a foramen, two major opercular spines. 
Acropoma -  Family Percichthyidae.
Three anal spines, swim bladder enclosed 
posteriorly by the first haemal pterygiophore, 
ceratohyal with a foramen.
Monosira -  Family Sciaenidae.
Ten first dorsal spines, one spine and 25 soft 
rays in the second dorsal. See the figure and 
description by Poey (1881: 326, Pl. 6) of M . 
stahli.
Neoscombrops -Fam ily Percichthyidae.
Diaphragm  swim bladder, three anal spines, 
head scaled to snout, ten dorsal spines.
Pomatomus -  Family Pomatomidae.
Diaphragm  swim bladder, three anal spines, 
vertebrae 10+16.
Scombrops — Family Pomatomidae.
Diaphragm  swim bladder, three anal spines, 
vertebrae 10+16.
Erythrobussothen -  Family Serranidae.
Three anal spines, ten dorsal spines.
Dinolestes -  Family Dinolestidae.
This genus has been treated by Fraser (1971). 
The evidence is outlined below for rejecting a 
relationship within the Apogonidae previously 
suggested by Starks (1899).
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Dinolestes differs from all apogonids in the following 
characters: 10+17 vertebrae; reduced sixth, seventh 
and eighth dorsal spines usually hidden in the skin; 
one anal spine; maxilla, snout and occiput scaled; 
three of the four posterior branchiostegals attached to 
the outer surface of the epihyal (unusual percoid 
character); ceratohyal perforated by a large foram en; 
a scale process developed at the base of the pelvic 
spine; lateral line continuing onto the caudal fin and 
then branching into two parts.
Dinolestes shares with most apogonids an oval on the 
dorsal side of the air bladder near the mid-section. 
The external theca, however, is very fibrous and 
tough, a condition unlike that in any apogonid. 
Dinolestes shares with some apogonids a large, but 
long, supramaxilla, two uroneurals, a free medial 
extrascapular, canine teeth, three predorsals, epihyal 
and ceratohyal with a strongly dentate suture on the 
mesial side and the intercalary facet not included on 
the otic bulla.
(The family allocation of the following genera is 
uncertain.)
Apogonops -  Family?
Three anal spines, ten dorsal spines. Possibly 
related to Neoscombrops and Acropoma.
Oxyodon -  Family?
Three opercular spines. Possibly an Epigonine. 
Parasphyraenops -  Family?
Three anal spines, ten dorsal spines.
Brephostoma -  Family?
One anal spine, five first dorsal spines, no 
swim bladder, no teeth.
Brinkmanella — Family?
One anal spine.
ORDINAL RELATIONSHIPS
M any ichthyologists have placed the Apogonidae in 
the order Perciformes (suborder Percoidei) including 
most recently Greenwood et al., (1966). I concur with 
this position. Freihofer (1970) proposes a radically 
different position for the family based on the similarity 
in the ramus canalis lateralis system of Apogon astra- 
dorsatus ( =  atradorsatus?), Percopsis omiscomaycus and 
Lampanyctus leucopsarus. This is based on the sup­
position that the systems of nerves are homologous 
which Freihofer admits (p. 254) “ . . . needs to be 
rigorously shown . . .” . He further states that -
I t is one of the most complex and distinct 
systems of nerves on the head. Its absence as far 
as known in the perciforms is explained as loss 
through reduction in preperciform ancestors. The
system is apparently considerably reduced in 
beryciforms or absent in some. The great deve­
lopment and similarity of the canalis lateralis sys­
tem in apogonids to that of Percopsis, Scopelengys, 
and melamphaeids is strong evidence for ques­
tioning the perciform character of apogonids.
Freihofer then suggests shifting (pp. 255, 258-9) the 
Apogonidae to a preperciform position “ . . . as a 
suborder of beryciform fishes allied to percopsiform 
fishes as all beryciforms may be so allied” .
The osteological evidence does not support Frei- 
hofer’s suggestion. I conclude that the Apogonidae are 
percoid derivatives, possibly related to the Sciaenidae 
and Centropomidae. Secondly, Synagrops is not an 
apogonid as Freihofer suggests (K atayam a: 1952, 
1959; Gosline: 1966a; pers, obs.) and Centropomus has a 
well developed ramus canalis system (pers. obs.). 
Therefore, members of at least two other perciform 
families have this character. Thirdly, changes have 
been seen in this system relating perhaps to either 
specific or generic differences in three apogonid genera 
(about 16 species) now under study. At present we 
know nothing about possible trends of this character 
within any given family and Apogon is not among the 
more generalized genera in the Apogonidae. Fourthly, 
Freihofer has not linked, in any m anner whatsoever, 
primitive nerve states to advanced nerve states within 
the various acanthopterygian groups. One has no 
reliable way to evaluate the interesting characters 
with which Freihofer is working at present.
W ith the present evidence I conclude that these 
nerve patterns are convergent and that the Apo­
gonidae are not related to Percopsis or Lampanyctus 
because osteological evidence does not support such 
a supposition and because of the real uncertainty in 
relating similar nerve patterns, that is, not being able 
to determine whether they are convergent or parallel. 
This is especially true for patterns of taste bud organs 
which we might consider to be analagous to types of 
dentition -  teleost fishes only have certain possibilities 
which may sometimes be limited by environmental 
demands. If  the ramus canalis lateralis system is 
indeed “ . . . a secondary system of lateralis innerva­
tion and perception . . .” might it not be more 
commonly developed in planktonivorous, nocturnally 
active species ? The alleged general absence in 
Perciformes or higher orders could be due to the fact 
that a majority of these fishes are diurnally active and 
may not need such a system. The ramus lateralis 
accessorius and the ramus canalis lateralis may be 
intimately associated with im portant sensory functions 
and because we do not yet know the adaptive re­
lationships, systematic conclusions should be viewed 
as interesting speculation.
42
LITERATURE CITED
BINI, G. 1968. Atlante dei pesci delle coste Italiane Osteitti. Mondo 
Sommerso Editrice, 4: 1-163, many figs.
BLEEKER, P. 1849. A contribution to the knowledge of the 
ichthyological fauna of Celebes. J .  Indian Archipelago, 3: 
65-74.
------------ - 1854. Bijdrage tot de kennis der ichthyologische fauna
van het Eiland Flores. Natuurk. Tijdschr. Ned. -  Indie, 6: 
311-38.
------------ . 1863. Onzieme notice sur la faune ichthyologique de
l’ile de Ternate. Ned. Tijdschr. Dierk. 1: 228-38.
------------ -. 1865. Enumeration des especes de poissons actuelle­
ment connues de File d ’Amboine. Ned. Tijdschr. Dierk. 2: 
270-93.
BLOT, J . 1969. Les poissons fossiles du Monte Bolca. Memorie 
Mus. civ. Stor. nat. Verona, (2): i-x, 1-525, Pls 1-74, A-P, 
160 figs.
BOHLKE, J . E. and CHAPLIN, C. C. G. 1968. Fishes of the 
Bahamas and adjacent tropical waters. Livingston Publ. Co., 
Wynnewood Pa., 1—771, 36 Pls, many figs.
BOHLKE, J . E. and RANDALL, J . E. 1968. A key to the. 
shallow-water west Atlantic cardinal fishes (Apogonidae), 
with descriptions of five new species. Proc. Acad. nat. Sci. 
Philad. 120 (4): 175-206, 7 figs, 4 tabs.
BRANSON, B. A. and M OORE, G. A. 1962. The lateralis 
components of the acoustico-lateralis system in the sunfish 
family Centrarchidae. Copeia 1962 (1): 1-108, 149 figs, 
13 tabs.
BREDER, C. M. and ROSEN, D. E. 1966. Modes of reproduction 
in fishes. Natural History Press, Garden City, New York, 
i-xv, 1-941.
BRIGGS, J . C. 1970. A faunal history of the North Atlantic 
Ocean. Syst. Z ool- 19 (1): 19-34, 3 figs.
CASTELNAU, F. L. 1872. Contribution to the ichthyology of 
Australia. II. Notes on some South Australian fishes. Proc. 
Zool. Soc. Victoria, 243-247.
------------ . 1875. Researches on the fishes of Australia. Intercolon.
Exhib. Essays, Victoria Dep. 1875 (2): 1-52.
------------ . 1878. Notes on the fishes of the Norman River.
Proc. Linn. Soc. N.S. W. 3: 41-51.
COLLETTE, B. B. 1963. The subfamilies, tribes and genera of 
the Percidae (Teleostei). Copeia 1963 (4): 615-23, 2 figs.
COURTENAY, W. R. and  M cK IT T R IC K , F. A. 1970. 
Sound-producing mechanisms in carapid fishes, with 
notes on phylogenetic implications. Mar. Biol. 7 (2): 
131-7, 9 figs.
CUVIER, G. and VALENCIENNES, A. 1828. Histoire 
Naturelle des Poissons. Paris, (deluxe ed.) 2: 1-371, Pls 9-40.
DEVILLIERS, C. 1958. Le crane des poissons. In: Traite de 
Zoologie. P. P. Grasse et al., eds. 13 (1): 551-687. Masson 
et Cie, Paris.
DE BEAUFORT, L. F. 1914. Die anatomie und systematische 
stellung des genus Kurtus Bloch. Morph. Fb. 48 (3): 
391—410, Pl. 12, 3 figs.
------------ . 1951. The fishes o f the Indo-Australian Archipelago.
E. J . Brill, Leiden, 9: i-xi, 1—484, 89 figs.
DURHAM, J . W. and ALLISON, E. C. 1960. The geologic 
history of Baja California and its marine faunas. Syst. 
Zool. 9 (2): 47-91.
FELL, H. B. 1967. Cretaceous and tertiary surface currents of the 
oceans. Oceanogr. Mar. Biol. Ann. Rev. 5: 317-41, 5 figs.
FISHELSON, L. 1970. Spawning behaviour of the cardinal 
fish Cheilodipterus lineatus in Eilat (Gulf of Aqaba, Red Sea). 
Copeia 1970 (2): 370-1.
FORD, E. 1937. Vertebral variation in teleostean fishes. J . mar. 
biol. Ass. U.K. 22: 1-60, 16 Pls, 18 figs.
FOWLER, H. W. 1907. Some new and little known percoid 
fishes. Proc. Acad. nat. Sci. Philad. 58: 510-28, 10 figs.
------------ . 1938. The fishes of the George Vanderbilt South
Pacific Expedition, 1937. Monogr. Acad. nat. Sci. Philad. 
(2): 1-349, Pls 1-12.
FOWLER, H. W. and  BEAN, B. A. 1930. The fishes of the 
families Amiidae, Chandidae, Duleidae, and Serranidae, 
obtained by the United States Bureau of Fisheries Steamer
Albatross in 1907 to 1910, chiefly in the Philippine Islands 
and adjacent seas. Bull. U.S. natn. Mus. 100 (10): i-ix, 
1-334, 27 figs.
FRASER, T. H. 1971. The fish Dinolestes lewini with comments 
on its osteology and relationships. Jap. J .  Ichthyol. 18 (4): 
157-63, 8 figs.
FRASER, T. H. and ROBINS, C. R. 1970. A new Atlantic 
genus of cardinal fishes with comments on some species 
from the Gulf of Guinea. Stud. trop. Oceanogr. 4 (2): 
302-15, 5 figs, 3 tabs.
FREIH OFER, W. C. 1963. Patterns of the ramus lateralis 
accessorius and their systematic significance in teleostean 
fishes. Stanford ichthyol. Bull. 8 (2): 80-189, 29 figs.
------------ . 1970. Some nerve patterns and their systematic
significance in paracanthopterygian, salmoniform, gobioid, 
and apogonid fishes. Proc. Cal. Acad. Sci. (4) 38 (12): 
215-63, 20 figs.
FRICKE, H. W. 1970. Ein mimetisches Kollektiv — Beobach- 
tungen an Fischschwarmen, die seeigel nachahmen. 
Mar. Biol. 5 (4): 307-14, 8 figs.
GARNAUD, J . 1962. Monographie de l’Apogon Mediterraneen 
Apogon imberbis (Linne). Bull. Inst. Oceanogr. Monaco, 
59 (1248): 1-83, 20 figs.
GILL, T. 1863. Cato logue of fishes of lower California, in the 
Smithsonian Institution, collected by Mr. J . Xantus. 
Pt. IV. Proc. Acad. nat. Sci. Philad.: 80-8.
GOLVAN, Y. J . 1962. Catalogue Systematique des noms de 
genres de poissons actuels de la X e edition du “Systema 
Naturae” de Charles Linne jusqu’a la fin de l’annee 1959. 
Annls. Parasit. hum. comp. 37 (6): fasc. suppl. 1-227.
GOSLINE, W. A. 1961. The Perciform caudal skeleton. Copeia 
1961 (3): 265-70, 3 figs.
------------ . 1962. Systematic position and relationships of the
percesocine fishes. Pacif Sci. 26 (2): 207-17, 3 figs.
------------ . 1966a. The limits of the fish family Serranidae, with
notes on other lower percoids. Proc. Calif. Acad. Sci. (4) 
33 (6): 91-112, 10 figs, 1 tab.
-—— —— . 1966b. Comments on the classification of the percoid 
fishes. Pacif. Sci. 20 (4): 409-18.
------------ . 1968. The suborders of Perciform fishes. Proc. U.S.
natn. Mus. 124 (3647): 1-78, 12 figs, 3 tabs.
GRAY, J . E. 1954. Catalogue o f fish collected and described by 
Laurence Theodore Gronow now in the British Museum. London, 
V II, 196p.
GREENWOOD, P. H., ROSEN, D. E., W EITZMAN, S. H  and 
MYERS, G. S. 1966. Phyletic studies of teleostean fishes 
with a provisional classification of living forms. Bull. 
Am. Mus. nat. Hist. 13 (4): 341-455, Pls 21-3, 9 figs, 
32 charts.
GRONOW , L. T. 1763. Z oophylacii Gronoviani . . . Lugduni 
Batavorum . . . fasc. i, Pisces, 27-136, Pls 1-13.
GUNTHER, A. 1859. Catalogue of the acanthopterygian fishes in the 
collection of the British Museum. London, 1: i-xxi, 1—524.
HANEDA, Y. 1965. Observations on a luminous apogonid fish, 
Siphamia versicolor and others of the same genus. Sci. Rep. 
Yokosuka Cy. Mus. 11: 1-12, 4 figs.
------------ . 1966. Luminous apogonid fish from the Moreton Bay,
Brisbane, Sci. Rep. Yokosuka Cy. Mus. 12: 1-4, 1 fig.
HANEDA, Y., TSU JI, F. I. and  SUGIYAMA, N. 1969. 
Luminescent systems in apogonid fishes from the 
Philippines. Science, N .Y. 165 (3889): 188-90, 1 fig.
HARRINGTON, W. 1955. The osteocranium of the American 
cyprinid fish, Notropis bifrenatus, with an annotated 
synonymy of the teleost skull bones. Copeia 1955 (4): 
267-90.
IWAI, T. 1958. A study of the luminous organ of the apogonid 
fish, Siphamia versicolor (Smith and Radcliffe). J .  Wash. 
Acad. Sci. 48 (8): 267-70, 2 figs.
------------ . 1959. Notes on the luminous organ of the apogonid
fish, Siphamia majimai. Ann. Mag. nat. Hist. (13) 2: 545-50.
IWAI, T. and ASANO, H. 1958. On the luminous cardinal fish 
Apogon ellioti. Sci. Rep. Yokosuka Cy. Mus. 3: 5-13, 4 figs.
43
JORDAN, D. S. 1917. Notes on Glossamia and related genera of 
cardinal fishes. Copeia 1917 (44): 46-7.
------------ . 1917-1920. The genera of fishes, 1758-1920, with the
accepted type of each. Leland Stanford jr. Univ. Pubis 
Univ. Ser. 1-576.
JORDAN, D. S. and  EVERMANN, B. W. 1903. Descriptions 
of new genera and species of fishes from the Hawaiian 
Islands. Bull. U.S. Fish Commn 1902 22: 161-208.
------------  and ------------ . 1905. The aquatic resources of the
Hawaiian Islands. 1. The shore fishes of the Hawaiian 
Islands, with a general account of the fish fauna. Bull. U.S. 
Fish Commn 1903 23: 1-574, 138 Pls, 229 figs.
JORDAN , D. S. and JORDAN, E. K. 1922. A list of the fishes 
of Hawaii with notes and descriptions of new species. 
Mem. Carneg. Mus. 10 (1): 1-92, 5 Pls, 7 figs.
JORDAN , D. S. and  SEALE, A. 1905. List of fishes, collected by 
Dr Bashford Dean on the Island of Negros, Philippines. 
Proc. U.S. natn. Mus. 28: 769-803, 20 figs.
JORDAN, D. S. and  SNYDER, J . O. 1904. Description of a 
new species of fish (Apogon evermanni) from the Hawaiian 
Islands with notes on other species. Proc. U.S. natn. Mus. 
28 (1386): 123-6.
KAMOHARA, T. and  YAMAKAWA, T. 1967. On some fish 
from the waters of Okinawa and Yaeyama. Rep. mar. biol. 
Stn Kochi Univ. 14 (1): 1-16, 8 figs.
KATAYAMA, M. 1952. Systematic position of Doderleinia 
berycoides (Hilgendorf) and Synagrops japonicus (Steindachner 
and Doderlein). Jap. J . Ichthyol. 2 (3): 104—10, 3 figs. 
(In Japanese).
------------ . 1959. Studies on the serranid fishes of Japan (I).
Bull. Fac. Education, Yamaguchi Univ. 8 (2): 103-81, 39 figs.
KLAUSEW ITZ, W. 1959. Fische aus dem Roten Meer. II. 
Knochenfische der familie Apogonidae (Pisces, Perco- 
morphi). Senckenberg. 40 (56): 251-62, 11 figs.
KLUNZINGER, C. B. 1870. Synopsis der Fische des Rothen 
Meeres. I. Theil. Percoiden-Mugiloiden. Verh. zool.-bot. 
Ges. Wien. 20: 669-834.
KOTTHAUS, A. 1970. Fische des Indischen Ozeans. A. 
Systematischer Theil, V III. Percomorphi (2). “Meteor” 
ForschErgebn. (D) (6): 56-75, figs 234-60.
KOUMANS, F. P. 1933. On a new genus and species of Apogo­
nidae. Zool. Meded. Leiden, 16: 78, 1 Pl.
KREFFT, J . L. G. 1867. Descriptions of some new Australian 
freshwater fishes. Proc. zool. Soc. Lond. 942-4.
KUM M EL, B. 1961. History of the Earth: An introduction to 
historical geology. San Francisco, W. H. Freeman and Co., 
1-610.
KUSAKA, T. 1969. Research on facial membrane bones of 
fish -  I. Regarding feature of urohyal on 100 species. 
La Mer, 7 (2): 124—43, 5 figs, 1 tab. (In Japanese).
LACEPEDE, B. G. E. 1802a. Histoire naturelle des poissons. 
Paris, 3: i—lxvi, 1-558, Pls 1-34.
------------ . 1802b. Histoire naturelle des poissons. Paris, 4: i-xliv,
1-728, Pls 1-16.
LACHNER, E. A. 1951. Studies of certain apogonid fishes from 
the Indo-Pacific, with descriptions of three new species. 
Proc. U.S. natn. Mus. 101 (3290): 581-610, Pls 17-19, 
6 tabs.
------------ . 1953. Family Apogonidae: cardinal fishes. (In:
Schultz, L. P., Fishes of the Marshall and Marianas 
Islands) Bull. U.S. natn. Mus. 202 (1): 412-98, figs 68-84, 
tabs 38-44.
LIVINGSTON, R. J . 1971. Circadian rhythms in the respira­
tion of eight species of cardinal fishes (Pisces: Apogonidae): 
comparative analysis and adaptive significance. Mar. Biol. 
9 (3): 253-66, 8 figs, 2 tabs.
LINDSEY, C. C. 1955. Evolution of meristic relation in the 
dorsal and anal fins of teleost fishes. Trans. R. Soc. Can. 
49 (3): 35-49, 2 figs.
MATSUBARA, K. and IWAI, T. 1958. Results of the Amani 
Islands expedition. — No. 2. A new apogonid fish, Siphamia 
majimai. Ann. Mag. nat. Hist. (13) 1: 603-8, 3 figs.
McALLISTER, D. E. 1968. Evolution of branchiostegals and 
classification of teleostome fishes. Bull. natn. Mus. Can. 
(221) Biol. Ser. (77): i-xiv, 1-239, 19 Pls, 2 figs, 2 tabs.
M cCULLOCH, A. R. 1921. Studies in Australian fishes.
No. 7. Rec. Aust. Mus. 13 (4): 123-42, Pls 21-4.
MEES, G. F. 1966. A new fish of the family Apogonidae from 
tropical Western Australia. J .  Proc. R. Soc. West. Aust. 
49 (3): 83-4, fig. 1.
M ONOD, T. 1967. Le complexe urophore des Teleosteens: 
typologie et evolution (note preliminaire). Colloques int. 
Cent. natn. Rech. scient. Paris, 163: 111-31, 16 figs.
------------ . 1968. Le complexe urophore des poissons teleosteens:
Mem. Inst.fr. Afr. noire, 81: 1-705, 989 figs, 3 tabs.
M UNROE, I. S. R. 1967. The fishes of New Guinea. Victor C. N. 
Blight, Government Printer, Sydney, i-xxxvii, 1-650, 
78 Pls, 23 figs.
NAG, A. C. 1967. Functional morphology of the caudal region 
of certain clupeiform and perciform fishes with reference 
to the taxonomy. J . Morph. 123: 529-58, 13 Pls, 2 tabs.
NORMAN, J . R. 1966. A draft synopsis of the orders, families 
and genera of recent fishes and fish-like vertebrates. 
Br. Mus. (nat. Hist.) London, 1-649.
PARR, A. E. 1933. Deep sea Berycomorphi and Percomorphi 
from the waters around the Bahama and Bermuda Islands. 
Bull. Bingham oceanogr. Coll. 3 (6): 1-51, 22 figs.
PATTERSON, C. 1964. A review of Mesozoic acanthopterygian 
fishes, with special reference to those of the English Chalk. 
Phil. Trans. R. Soc. (B) 247 (739): 213-482, Pls 2-5, figs 
1-103.
------------ . 1967. New Cretaceous berycoid fishes from the
Lebanon. Bull. Br. Mus. (nat. Hist.) Geology, 14 (3): 69-109, 
Pls 1-4, figs 1-11.
------------ . 1968. The caudal skeleton in Mesozoic acantho­
pterygian fishes. Bull. Brit. Mus. (nat. Hist.) Geology. 17 (2): 
49-102, 28 figs.
PETIT, M. G. 1931. Une espece nouvelle du genre Foa 
presentant un cas d ’incubation bucco-branchiale. Bull. 
Mus. natn. Hist. nat. Paris, (2) 3 (1 ) : 91-5.
POEY, F. 1860. Memorias sobre la historia natural de la isla Cuba. 
Poissons de Cuba Especes Nouvelles. Habana, 115-356.
------------ . 1881. Peces (In: Gundlach, J ., Apuntes para la fauna
Puertoriquena.) An. Soc. esp. Hist. Nat. 10: 317—50.
QUOY, J . R. C. and GAIMARD, P. 1824. Voyage autour du 
monde . . . execute sur les corvettes de S. M . I'Uranie et la 
Physicienne pendant les annees 1817, 1818, 1819 et 1820. 
Zoologie. Paris, text 1—712, atlas Pls 1-96.
RADCLIFFE, L. 1912. Descriptions of fifteen new fishes of the 
family Cheilodipteridae, from the Philippine Islands and 
contiguous waters. Proc. U.S. natn. Mus. 41: 431-6, Pls 34-8.
RAFINESQUE, C. S. 1815. Analyse de la nature, du tableau de 
l'univers et des corps organises. Palerme, 224 pp.
RANDALL, J . E. 1955. Fishes of the Gilbert Islands. Atoll Res. 
Bull. 47: 1-243.
------------ . 1964. Contributions to the biology of the Queen
conch, Strombus gigas. Bull. mar. Sci. Gulf Caribb. 14 (2): 
246-95, 13 figs, 6 tabs.
REGAN, C. T. 1905. On a collection of fishes from the inland 
Sea of Japan  made by Mr. R. Gordon Smith. Ann. Mag. 
nat. Hist. (15) 7: 17-26.
------------ . 1911. The anatomy and classification of the teleostean
fishes of the order Berycomorphi and Zenoberyces. Ann. 
Mag. nat. Hist. (8) 7: 1-9, 1 Pl.
------------ . 1940. The perciform genera Gymnapogon and
Nannatherina. Copeia 1940 (3): 173-5. (Same paper also in 
Ann. Mag. nat. Hist. (11) 6: 527-30.)
ROSEN, D. E. 1964. The relationships and taxonomic position 
of the halfbeaks, killifishes, silversides, and their relatives. 
Bull. Am. Mus. nat. Hist. 127 (5): 217-68, Pls 14-15, 
23 figs.
ROSEN, D. E. and  PATTERSON, C. 1969. The structure and 
relationships of the paracanthopterygian fishes. Bull. Am. 
Mus. nat. Hist. 141 (3): 357-474, Pls 52-72, figs 1-74, 
8 tabs.
RUDEL, A. 1934. Ein neuer M aulbruter (Glossamia gilli). 
Bl. Aquar.-Terrarienk. 45 (9): 141-3.
RUPPELL, W. P. E. S. 1852. Verzeichniss der in dem Museum der 
Senckenbergischen natuurforschenden Gesellschaft aufgestellten 
Sammlungen. Vierte Abtheilung, Fische und deren Skelette. 
Frankfurt-a.-M .: i—iv, 1-40.
44
SCHULTZ, L. P. 1940. Two new genera and three new species 
of cheilodipterid fishes with notes on the other genera of 
the family. Proc. U.S. natn. Mus. 88 (3085): 403-23, figs 
19-20, 1 tab.
SCOTT, E. O. G. 1964. Observations on some Tasmanian 
fishes. Part X II. Pap. Proc. R. Soc. Tasm. 98: 85—106, 
1 fig, 5 tabs.
SCOTT, T. D. 1962. The marine and freshwater fishes of South 
Australia. W. L. Hawes, Government Printer, Adelaide, 
1-338, many figs.
SM ITH, C. L. and  BAILEY, R. M. 1961. Evolution of the 
dorsal-fin supports of percoid fishes. Pap. Mich. Acad. Sci. 
46: 345-63, 2 figs.
--------------and --------------- . 1962. The subocular shelf of fishes.
J . Morph. 110 (1): 1-18, 3 Pls.
SM ITH, C. L., ATZ, E. H. and  TYLER, J . C. 1971. Aspects 
of oral brooding in the cardinalfish Cheilodipterus affinis 
Poey (Apogonidae). Am. Mus. Novit. (2456): 1—11, 3 figs. 
SM ITH, J . L. B. 1946. New species and new records of fishes 
from South Africa. Ann. Mag. nat. Hist. (11) 13: 793-821.
— --------. 1949. The sea fishes of southern Africa. Central News
Agency Ltd., South Africa. 505 pp., 103 Pls, 519 figs.
------------ . 1954. Apogonid fishes of the subfamily Pseudaminae
from South-East Africa. Ann. Mag. nat. Hist. (7) 12: 
775-95, Pl. 23, 3 figs.
------------ . 1955a. Siphamine fishes from South and East Africa.
Ann. Mag. nat. Hist. (12) 8: 61—6, 1 Pl.
------------ . 1955b. The fishes of Aldabra. Pt. 2. Ann. Mag. nat.
Hist. (12) 8: 689-97, Pl. 18.
------ ------. 1961. Fishes of the family Apogonidae of the western
Indian Ocean and the Red Sea. Ichthyol. Bull. Rhodes 
Univ. (22): 373-418, Pls 46-52, 11 figs.
-------------. 1963. A new apogonid fish from deeper water of the
Gulf of Guinea. Ann. Mag. nat. Hist. (13) 6: 621—4, 1 fig. 
SPRINGER, V. G. 1968. Osteology and classification of the 
fishes of the family Blenniidae. Bull. U.S. natn. Mus. 284: 
1-85, 11 Pls, 16 figs.
STARKS, E. C. 1899. The osteology and relationship of the 
percoidean fish Dinolestes lewini. Proc. U.S. natn. Mus. 22: 
113-20, Pls 8-11.
— ------- . 1901. Synonymy of the fish skeleton. Proc. Wash.
Acad. Sci. 3: 507—39.
------------ . 1904. The osteology of some berycoid fishes. Proc.
U.S. natn. Mus. 27: 601-19, 10 figs.
------------ . 1930. The primary shoulder girdle of the bony fishes.
Stanford Univ. Pubis biol. Sci. 6 (2): 149-239, 38 figs.
STRASBURG, D. W. 1966. Observations on the ecology of 
four apogonids. Pacif. Sci. 20 (3): 338-41.
SUZUKI, K. 1962. Anatomical and taxonomical studies on the 
carangid fishes of Japan. Rep. Fac. Fish, prefect. Univ. Mie, 
4 (2): 43-232, 61 figs.
TANAKA, S. 1915. Ten new species of Japanese fishes. Zool.
Mag. Tokyo, 27: 565-8 (In Japanese).
TAYLOR, W. R. 1967. An enzyme method of clearing and 
staining small vertebrates. Proc. U.S. natn. Mus. 122 (3596): 
1-17.
TOM INAGA, S. 1967a. Anatomical sketches of 500 fishes. 
Kadokawa-Shoten, Tokyo, 2: 1-312 (text), 1-204 (figs).
------------ . 1967b. Anatomical sketches of 500 fishes. Kadokawa-
Shoten, Tokyo, 3: 1-432, many figs.
TOMINAGA, Y. 1964. Notes on the fishes of the genus Siphamia 
(Apogonidae), with a record of S. versicolor from the 
Ryukyu Islands. Jap. J . Ichthyol. 12 (1/2): 10-17, 3 Pls 
2 tabs.
------------ . 1968. Internal morphology, mutual relationships
and systematic position of the fishes belonging to the 
family Pempheridae. Jap. J .  Ichthyol. 15 (2): 43-95, 
17 figs, 6 tabs.
WEBER, M. C. W. 1909. Diagnosen neuer Fische der Siboga- 
Expedition. Notes Leyden Mus. 31: 143-69.
WEBER M. C. W. and DE BEAUFORT, L. F. 1929. The 
fishes of the Indo-Australian Archipelago. E. J. Brill, Leiden, 
5: i-xiv, 1-458, 98 figs.
W HITLEY, G. P. 1929. Names of fishes in Meuschen’s Index 
to “Zoophylacium Gronovianum” . Rec. Aust. Mus. 17: 
297-307.
------------ . 1930a. Ichthyological miscellanea. Mem. Qd Mus.
10 (1): 8-31, 1 Pl, 1 fig.
•------------ . 1930b. Five new generic names for Australian fishes.
Aust. Z ool. 6 (3): 250-1.
------------ . 1933. Studies in Ichthyology. No. 7. Rec. Aust. Mus.
19: 60-112, Pls 11-15, 4 figs.
------------ . 1936. More ichthyological miscellanea. Mem. Qd Mus.
11 (1): 23-51, Pl. 4, 6 figs.
------------ . 1939. A new apogonid fish from Queensland. Occ.
Pap. Mus. Z ool- Univ. Mich. (405): 1-4, 1 Pl.
------------ . 1941. Ichthyological notes and illustrations. Aust.
Zool. 10: 1-50, Pls 1-2, 32 figs.
------------ . 1959a. The freshwater fishes of Australia. Biogeogr.
Ecol. Aust. Monographiae biol. 8: 136—49, 3 figs, 1 tab.
------------ . 1959b. Ichthyological snippets. Aust. Z ool. 12 (4):
310-23, 3 figs.
45
COMPARATIVE MATERIAL
BERY CIFO RM ES
G ibberichthyidae
Gibberichthys pumilus Parr UM M L 7041 (1,48.0).
POLYM IXIIDAE
Polymixia lowei Gunther UM M L 18652 (1, 92.1). 
Steph a n o berycidae
Stephanoberyx sp. UM M L 22357 (1, 62.2). UM M L 22685 
(1, 38.9).
T ra chichthyidae
Hoplostethus mediterraneus Cuvier TABL (UNCAT) Silver 
Bay 2067 (1, 50.0).
PER C IFO R M ES
A pogonidae
Epigoninae
Florenciella lugubris Mead and De Falla MCZ 45894 
Paratype (1, 57.2). USNM 202590 Paratype (1, 62.9). 
MCZ Paratypes (6, 64.2-80.7). X-ray.
Rosenblattia robusta Mead and De Falla LACM 10073 
Paratype (1, 49.0). LACM 10075 Paratype (1, 75.8). 
LACM 10077 Paratype (1, 61.0) LACM 10074 Paratype 
(1, 67.0). X-ray.
Epigonus pandionus (Goode and Bean) UM M L 21434
(1,61.5). UM M L 17100 (1, 57.3).
Epigonus telescopus (Risso, 1810) UM M L 29015 (1, 87.2). 
Bath y clu peid a e
Bathyclupea schoederi Dick, 1962 UM M L (UNCAT) 
Pillsbury 874 (1, 134.6).
C entra rch id a e
Acantharchus pomotis (Baird) FSU 927 (1, 71.7).
Ambloplites rupestris (Rafinesque FSU 5840 (1, 70.2). 
Centrarchus macropterus (Lacepede) FSU 2528.
Elassoma zonatum Jordan FSU 2902 (1, 32.2).
Enneacanthus obesus (Girard) FSU 3297 (1, 58.2).
Lepomis cyanellus Rafinesque FSU 2682 (1, 76.3).
Lepomis gulosus (Cuvier) FSU 7130 (1, 77.2).
Micropterus salmoides (Lacepede) FSU 10375 (1, 72.2). 
Pomoxis nigromaculatus (Lesueur) FSU 5190 (1, 87.8). 
C entro pom idae
Centropomus sp. UM M L (UNCAT) (2, 22.9-24.6). 
Luciolates stappersi Boulenger USNM 176298 (1, 79.7), 
X-ray.
Psamnoperca waigiensis Cuvier SU 27742 (1, 70.7).
Chanda gymnocephalus (Lacepede) TABL (UNCAT) 
(1,42.3).
D inolestidae
Dinolestes lewini (Griffith) IB 2682 (2, 61.0-178.8). 
K u h liid a e
Kuhlia sandvicensis Steindachner UM M L (UNCAT) 
(1, 61.6).
Nannoperca oxleyana Whitley IB 2414 (1, 20.6).
K urtidae
Kurtus indicus Bloch TABL (UNCAT) (1, 55.9). 
K yphosidae
Kyphosus sp. UM M L (UNCAT) (1, 26.5).
L obotidae
Lobotes surinamensis (Bloch) UM M L (UNCAT) (1, 34.9). 
P em ph erid a e
Pempheris poeyi Bean, 1885 UM M L 20860 (1, 73.0). 
Pempheris schombergi Muller and Troschel UM M L 15062 
(2, 20.9-25.6). (UNCAT) WAS-FLA-189 (1, 73.5). 
P ercich th y id a e
Acropoma japonicum Gunther ANSP 51328 (1, 80.7). 
Howella brodiei Ogilby UM M L 29016 (1, 51.0).
Morone chrysops (Rafinesque) FSU 3779 (1, 78.0). 
Neoscombrops sp. USNM (UNCAT) (1, 145.3).
Synagrops bella (Goode and Bean) UM M L 16997 (1, 76.9) 
Synagrops microlepis Norman UM M L 16599 (1, 70.5).
POMATOMIDAE
Pomatomus saltatrix (Linnaeus) UM M L 29017 (1, ? ) 
dried skeleton.
Scombrops oculatus (Poey) UM M L 29018 (1, 390.0). 
Scombrops boops (Houttuyn) USNM 49933 (1, 77.0). 
P riacanthidae
Priacanthus arenatus Cuvier UM M L 1009 (1, 36.7). 
Pristigenys alta (Gill) UM M L 9908 (1, 18.2).
S CIAENIDAE
Cynoscion nebulosus (Cuvier) UM M L 7921 (1, 27.5).
Equetes pulcher (Steindachner) UM M L 4028 (1, 25.9). 
S combrolabracidae
Scombrolabrax heterolepis Roule UM M L 7102 (1, 60.0). 
Serra nidae
Hypoplectrus indigo (Poey) UM M L (UNCAT) (1, 72.8) 
INCERTAE SEDIS
Parasphyraenops atrimanus Bean USNM 74085 Holotype 
(1,84.9).
Brinkmanella elongata Parr SIO 61-37 (1, 104.5). RHB 
1222 (1, 73.8). Walther Herwig 180a/66 (1, 90.0). 
Walther Herwig 180b/66 (1, 90.0).
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TABLE 1.
Characters of the vertebral column in the family Apogonidae. A. -  precaudal, B. -  caudal, C. -  ribless vertebrae 
bearing only epipleurals, D. -  vertebrae with sessile ribs and no parapophyses, E. -  vertebrae with sessile ribs 
and parapophyses, F. -  vertebrae with ribs articulating to parapophyses, G. -  vertebrae with ribs and without 
epipleurals, H. -  vertebrae without ribs or epipeurals but with parapophyses. In  C through H the position (verte­
bral number) of the character is given. Those numbers in parentheses are uncommon positions for the character.
A B C D E F G H
E p ig o n in a e
Epigonus 10 15 1-2 — — 3-9 7-9 10
Florenciella 10 15 1-2 3-4 — 5-10 8-10 —
Rosenblattia 10 15 1-2 3-5 — 6-10 p —
A po g o n in a e
Apogon 10 14 1-2 3-5 — 6-10 (8) 9-10 —
Apogonichthys 10 14 1-2 3-5 —  6-10 9-10 —
Archamia 10 14 1-2 3-5 —  6-10 9-10 —
Astrapogon 10 14 1-2 3-5 — 6-10 9-10 —
Cheilodipterus 10 14 1-2 3-5 — 6-10 9-10 —
Coranthus 10 14 1-2 p p p 8-10 p
Foa 10 14 1-2 3-5 — 6-10 9-10 —
Fowleria 10 14 1-2 3-5 — 6-10 9-10 —
Glossamia 10 14 1-2 3-5 — 6-10 10 —
N eamia 10 14 1-2 3-5 — 6-10 — —
Phaeoptyx 10 14 1-2 3-5 — 6-10 9-10 —
Pterapogon 10 14 1-2 p p p p p
Rhabdamia 10 14 1-2 3-5 — 6-10 (6) 7-10 —
Siphamia 10 14 1-2 3-5(6) — 6(7)-(9)10 9-10 (10)
Sphaeramia 10 14 1-2 3-5 — 6-10 9-10 —
Vincentia 10 15 1-2 3-5 — 6-10 10 —
P seud am in ae  
Gymnapogon 10 14 1-2 3-5(6) _ 6(7)-9 6-10 10
Pseudamia 10 14  1-2 3-5 6-10 7-10 —
Pseudamiops 10 14 1-2 3-5 — 6-9 3-9 10
TABLE 2.
Types of changes which may occur with the anterior elements dorsal 
to the first three to seven vertebrae in perciform fishes.
V ERTEBRAL-SPINE R E L A T IO N SH IP  VERTEBRAL-SPINE R E L A T IO N SH IP
UNCHANGED (↓ |) CHANGES (← → <- ->)
Predorsal increase (—») with spine loss or shift caudad or
Predorsal loss decrease (
0- 0- 0- 1-* 0- 0- 0- 1-
0- 0- 1- 0- 0- 1-  <--
| 0- 1- 0- 1-  «-
| l - 1-  <--
-) with de novo spine addition or shift forward 
0 -0 -0 -1 -
0 -0 -0 -0 -1 -
0- 0- 0- 0- 0- 1--->
0- 0- 0- 0- 0- 0- 1
Spine loss 
0 -0 -0 -2 -1 -
|0 -0 -0 -1 -1 -
0 -0 -0 -0 -1 -
De novo spines 
0 -0 -0 -1 -1 -
0 -0 -0 -2 -1 -
I
0 - 0 - 0 - 3 - 1 -
Spine shift forward (•«—) 
0 -0 -0 -2 -1 -
0- 0- 1— 1— 1—  « -
or caudad (—>) 
0- 0- 0- 1- 1- 1-
0- 0- 0- 0- 2- 1-  -
* Element formula after Smith and Bailey (1961), 0 is one predorsal bone and 1, 2, or 3 are the number of spines on each pterygiophore.
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T A B LE 3
CHARACTERS 
Dorsal fins 
Dorsal spines (total)
Dorsal spines on first pterygiopho 
Predorsals .
Pleural ribs 
Epipleural ribs 
Autogenous haemal spines 
Parhypural
Hypurals . . . .
Uroneurals
Epurals . . . .
Secondary caudal rays 
Supramaxilla .
T e e t h ..........................
T e e t h ..........................
Teeth on ectopterygoid 
Teeth on palatines.
Infraorbitals 
Infraorbital shelf .
Bones infraorbital shelf on 
Infraorbitals (upper edge) 
Preopercle edge 
Preopercle ridge
O p e r c l e ..........................
Basisphenoid . . . .  
Parasphenoid -  Pterosphenoid 
U pper pharyngeal tooth patches 
Suspensory pharyngeal 
Ceratohyal -  Epihyal junction 
Ceratohyal .
Postcleithra.
Extrascapulars 
Lateral line.
Scales
Predorsal scales 
Anal spines 
Vertebrae
Principal caudal rays 
Pterosphenoids 
Branchiostegal rays 
(For the following characters I am 
Intercalary facet 
Bioluminous organs 
Position of oval 
Soft dorsal rays 
Soft anal rays .
Shape of caudal fin 
Body shape 
Peritoneum 
Num ber of gillrakers 
Retia mirabilia 
Gas gland organization
Color of gut 
Pelvic fin mem brane .
Soft dorsal and anal fins 
Lateral line .
A table of probable primitive apogonid characters and derivatives
P R IM IT IV E  STATES 
Continuous 
9 
2 
3 
8 
10
ADVANCED STATES 
Separate
8—>7 (loss)
1 (loss)
2—>-1—>-0 (loss)
7 (loss)
9—>-2 (loss)
1—>-0 (fusion)
Fused to first hypural 
4—>-3—>2 (fusion)
1 —>-0 (loss, fusion?)
3 2 (loss)
Bilateral Fused
1 (large) 1 (reduced) —»-0 (loss)
Villiform Canines
Bands Single row —> Absent
Present Absent
Present Absent
6 7->8 (fragmentation)
Present Absent
Third Fourth, fifth
Smooth Serrated
Serrated Smooth
Smooth Serrated
Two or more spines One
Present Reduced—> Absent
Separate Meeting
5 4—»3 (loss)
Present Absent
Suture Smooth (no suture)
Notched Smooth
2 1 (loss?)
2 1 (loss? fusion?)
Complete Incomplete—> Absent
Ctenoid Cycloid—>Absent
Present Absent
2 No change
24-25 No change
17 (9 +  8) No change
Separate No change
7 No change
which states are primitive and which are advanced)
Posttemporal
Not included on otic bulla 
None
Posterodorsal
9-10
8-10
Forked
Elongated
W hite
Few
Few
Individual gas glands for each 
retia bundle 
W hite
Poorly developed 
Not scaled
Extending short distance on 
caudal fin 
Serrated
Included on otic bulla
Present
Anterodorsal
11-14
11-18
Rounded
Compressed
Black
M any
M any
Fused gas glands 
Black
Well developed 
Scaled
Extending far on to caudal 
fin
Smooth
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TABLE 4
A table of probable primitive percoid characters and the primitive states in some living members of the three 
subfamilies of the Apogonidae.
P R IM IT IV E  PE R C O ID  STATE E PIG O N IN E  STATE A PO G O N IN E STATE PSEUDAM INE STATE
Spinous and soft dorsal fins continuous Separate Deeply notched Separate
Nine or ten dorsal spines (total count) Nine (total) Nine (total) Seven (total)
Two dorsal spines on first pterygiophore . Two Two One
Three predorsals............................................. Three Three Two
Epipleural ribs associated with each precaudal vertebra and/or pleural rib . Absent on last 2-3 Present on all Absent on last 3
Large supramaxilla with anterior process. Absent Supramaxilla without process Absent
Six infraorbitals............................................. Seven or eight Six Six
Infraorbital shelf present on third bone . Absent Present Present
Opercle with two or more spines . Present Absent Absent
Preopercle with serrated posterior and ventral e d g e s ............................................. Present Present Absent
Basisphenoid p r e s e n t ................................ Present Present Absent
Pterosphenoids separated from parasphen- oid by p r o o t i c ...................................... Separated Separated Not separated
Sensory canals on frontals partially en­closed by bone ...................................... Enclosed Open Open
Ceratohyal—Epihyal junction with suture on mesial s i d e ...................................... Suture Suture No suture
Ctenoid s c a l e s ............................................. Ctenoid Ctenoid Cycloid
Lateral line c o m p le te ................................ Complete Complete Incomplete
Teeth in wide Villiform bands on the— Premaxilla................................................... One or two rows Present One row—canines presentD e n t a r y ................................................... One or two rows Present One row—canine presentV o m e r ................................................... One or two rows Present One rowP a l a t i n e ................................................... One or|two rows Present One or two rowsE c to p te r y g o id ...................................... Absent Present One or two rowsE n d o p te ry g o id ...................................... Absent Absent Absent
Two autogenous haemal spines Two Two None
Free parhypural with hypurapophysis. Present Present Present
Five free h y p u r a l s ...................................... Five Five Four
Two pairs of u r o n e u r a l s .......................... Two One One
Three e p u r a l s ............................................. Three Three Two
Low neural crest on penultimate centrum Low Low Low
No identifiable second ural centrum . None None None
Two p o s t c l e i t h r a ...................................... Two Two Two
Two free e x t r a s c a p u la r s .......................... Two (Two) Two
Ceratohyal perforated by a foramen . No foramen No foramen No foramen
Nine plus eight principal caudal rays . 9 +  8 9 +  8 9 +  8
Three anal s p i n e s ...................................... Two Two Two
One pelvic spine and five soft rays 1,5 I, 5 1,5
Pleural ribs on all but the first two pre­caudal v e rte b ra e ...................................... Same Same Same
Five separate upper pharyngeal tooth patches......................................................... 5 5 5
Ossified suspensory pharyngeal Ossified Ossified Ossified
Pterosphenoids meeting each other at m i d l i n e ................................................... Never meet Never meet Never meet
Seven branchiostegal rays (3 +  4), five on ceratohyal and two on epihyal . 7 7 7
Parietals separated by supraoccipital . Separated Separated Separated
Well developed posttemporal fossa Present Present Present
Portion of intercalar not on otic bulla Not on On On
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T A B L E  5
A table of selected probable primitive apogonid characters (see Table 3) and their distribution and changes in 
each genus and subgenus in the Apogoninae and Pseudaminae.
PR IM ITIV E APOGONID STATE
Nine dorsal spines ( t o t a l ) .....................Two dorsal spines on first pterygiophoreThree predorsals......................................Ten epipleural r i b s ................................Two autogenous haemal spinesFree p a r h y p u r a l ................................Five free h y p u r a l s ................................
Two pairs of u r o n e u r a l s ..........................Three e p u r a l s ................................Secondary rays bilateral and segmented .One s u p ra m a x il la ......................................Infraorbital shelf on third bone
Smooth upper edges on infraorbitals . Serrated preopercular edge . . . .Smooth preopercular ridge . . . .Basisphenoid p r e s e n t ................................
Parasphenoid separated frompterosphenoid by prootic . . . .  Teeth in Villiform bands on—P r e m a x i l la .............................................D e n ta r y ...................................................V o m e r ...................................................P a la t in e ...................................................E c to p te ry g o id ......................................
Five upper pharyngeal tooth patches . Suspensory pharyngeal present Sutured ceratohyal—epihyal junction 
Ceratohyal no tched ......................................
Two extrascapulars......................................Two p o s t c l e i t h r a ......................................Lateral line c o m p le te ................................Ctenoid s c a l e s ............................................(Unsure of primitiveness of the following states)Number of soft dorsal ra y s ..........................Number of soft anal r a y s ..........................Shape of caudal f i n ......................................
Number of formed gillrakers . . . .Bioluminous o rgans......................................P o s s t te m p o ra l .............................................Position of intercalary facet . . . .
PR IM ITIV E APOGONID STATE
Nine dorsal spines (total) . . . .  Two dorsal spines on first pterygiophoreThree predorsals......................................Ten epipleural r i b s ................................Two autogenous haemal spinesFree p a r h y p u r a l ................................Five free h y p u r a l s ................................
Two pairs of uroneurals . . . .  Three e p u r a l s ......................................
Secondary rays bilateral and segmentedOne supramaxilla ................................Infraorbital shelf on third bone Smooth upper edges on infraorbitals . Serrated preopercular edge.Smooth preopercular ridge 
Basisphenoid p r e s e n t ..........................
Parasphenoid separated from pterosphenoid by prootic
GLOSSAMIA CORANTHUS APOGONICHTHYS FOA FOWLERIA
7 8 9 8 81 2 2 2 23 3 3 3 39 7-8 8 8 82 2 2 2 2Free Free Free Free Free5 5 4th fused toterminalcentrum
5(4) 5
1 2 (?) 1 1 13 3 3 3 3Segmented Segmented Segmented Segmented Segmented1 (large) 1 (large) 1 (reduced) 1 (reduced) 1 (reduced)Third p Third Third Third, fourth and fifthSmooth Smooth Smooth Smooth SmoothSmooth Serrated Smooth Smooth SmoothSmooth Smooth Smooth Smooth SmoothReduced or absent Present Reduced Reduced Absent
Separated p Separated Separated Separated
Present Some canines Present Present PresentPresent Some canines Present Present PresentPresent Few rows Few rows Few rows PresentPresent Few rows None Few rows NonePresent None Few rows None Noneor none5 p 4 or 3 4 4Present p Absent Present AbsentPresent p Absent Absent AbsentNotched p Smooth Smooth Weaklynotched1 p 1 1 12 p 2 2 2Complete Complete Complete Incomplete IncompleteCtenoid Cycloid Ctenoid Ctenoid Ctenoid
8-10 10 9 9 98-10 8 8 8 8Truncated or rounded Truncated Rounded Rounded Rounded7-10 18 5-6 7-8 5-9
Smooth Serrated Smooth Smooth SmoothNot on otic bulla
p On otic bulla On otic bulla On otic bulla
NEAM IA ASTRAPOGON VINCENTIA SIPHAMIA PHAEOPTYX
9 7 9 7-8 72 1 2 1-2 13 0 3 1-2 210 8 9 8 82 2 2 1-0 2Free Free Free Free Free3 3 5 2-3 3(upper plate (upper platealso fused also fusedto centrum) to centrum)1 (reduced) 0 1 0 03 3 3 2 3(third reduced) Segmented Segmented Segmented Segmented Segmented1 (reduced) None None None NoneThird Third Third Third ThirdSmooth Smooth Smooth Smooth SmoothSmooth Smooth Serrated Serrated SerratedSmooth Smooth Smooth Smooth SmoothAbsent Absent Absent Absent Present to Absent
Separated Separated Separated Separated Separated
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T A B L E  5 (con tinued)
PR IM ITIV E APOGONID STATE
Teeth in Villiform bands on—P r e m a x i l la ......................................D e n ta r y ...................................... JV o m e r .............................................P a la t in e .............................................
E c to p te ry g o id ................................Five upper pharyngeal tooth patches . Suspensory pharyngeal present Sutured ceratohyal—epihyal junction Ceratohyal no tched ................................
Two extrascapulars................................Two p o s t c l e i t h r a ................................Lateral line c o m p le te ..........................
Ctenoid s c a l e s ......................................
(Unsure of primitiveness of the following states)Number of soft dorsal rays .Number of soft anal rays .Shape of caudal f i n ................................Number of formed gillrakersBioluminous o rg an s................................Posttemporal . . . . . . .
Position on intercalary facet . .
PR IM ITIV E APOGONID STATE
Nine dorsal spines (total) . . . .  Two dorsal spines on first pterygiophoreThree predorsals......................................Ten epipleural r i b s ................................Two autogenous haemal spinesFree p a r h y p u r a l ................................Five free hypurals ................................Two pairs of uroneurals . . . .Three e p u r a l s ......................................Secondary rays bilateral and segmented One supramaxilla . . .Infraorbital shelf on third bone Smooth upper edges on infraorbitals . Serrated preopercular edge.
Smooth preopercular ridge Basisphenoid present . . .Parasphenoid separated from pterosphenoid by prootic Teeth in Villiform bands on—P r e m a x i l la ......................................Dentary .............................................V o m e r .............................................Palatine . . . . . . . .Ectopterygoid . . . . . .Five upper pharyngeal tooth patches . Suspensory pharyngeal present Sutured ceratohyal—epihyal junction 
Ceratohyal notched .
Two extrascapulars . . .Two postcleithra . . . .Lateral line complete . .Ctenoid scales . . . .
(Unsure of primitiveness of the following states)Number of soft dorsal rays .Number of soft anal rays .  .Shape of caudal fin . . . . .
Number of formed gillrakers Bioluminous o rg an s................................
P o s t t e m p o r a l ......................................Position of intercalary facet 
NEAM IA ASTRAPOGON VINCENTIA SIPHAMIA PHAEOPTYX
Present Present Present Present PresentPresent Present Present Present PresentFew rows Few rows Few rows Few rows Few rowsNone One row One row One row or none One rowNone None None None None4 4 4 4 4Present Absent Present Present PresentAbsent Absent Absent Absent AbsentNotched Weaklynotched
Smooth Smooth Notched
1 1 1 1-2 1
2 2 2 2 2Complete Complete Complete Complete or Incomplete Complete
Ctenoid Cycloid Ctenoid C ten o id -Cycloid Ctenoid
9 8-9 9 8-10 98 8 9 7-9 8Rounded Rounded Emarginated Emarginated Forked7 9-11 12-13 8-15 12-18— — — All species —Smooth Smooth Smooth Smooth or weakly serrated Smooth
On otic bulla On otic bulla On otic bulla On otic bulla On otic bulla
SPHAERAMIA (PTERAPOGON) (QUINCIA) ARCHAMIA CHEILO-DIPTERUS
8 8 8 7 71 2 2 1 13 2(?) 3 3 38 8-9 7-8 8 7-8
2 2 2 2 2Free Free Free Free Free5 5 5 5 51 1 1 1 13 3 3 3 3Fused Fused Fused Segmented SegmentedNone None( ?) None(?) None 1 (reduced)None p p Third ThirdSmooth Smooth Smooth Smooth SmoothSerrated Serrated Serrated Serrated Serrated to smoothSmooth Smooth Smooth Smooth SmoothPresent Present Present Present Present
Separated Separated Separated Separated Separated
Present Present Present Few rows Some caninesPresent Few rows Present One row Some caninesPresent Few rows Few rows Few rows Few rowsPresent None Few rows Few rows Few rowsNone None None None None4 p p 4 3-4Present p p Present PresentAbsent p p Absent AbsentNotched ? p Notched Notched or smooth1 p p 1 12 p p 2 2Complete Complete Complete Complete CompleteCtenoid Ctenoid Ctenoid Ctenoid Ctenoid to cycloid
9 14 14 9 99 13 13 12-18 8Forked Forked Forked Forked Truncated or forked25-31 38 12 16-20 11-15
— — — Occurs in some species —Serrated p p Serrated SmoothOn otic bulla p p On otic bulla On otic bulla
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T A B L E  5 (con tinued)
PR IM ITIV E APOGONID STATE (APOGON) (BREPHAMIA)
ft
(LEPIDAM IA) (NECTAM IA) (PARONCHEILUS)
Nine dorsal spines (total) . . . . 7 7 9 7-9 7Two dorsal spines on first pterygiophore 1 1 2 1-2 1Three predorsals...................................... 2 2 3 3(2) 2Ten epipleural r i b s ................................ 8-9 8 9 8 8Two autogenous haemal spines 2 2 2 2 2Free p a r h y p u r a l ................................ Free Free Free Free FreeFive free h y p u r a l s ................................ 5 5 5 5 5Two pairs of uroneurals . . . . . None None 1 (reduced) 1 (reduced) NoneThree e p u r a l s ...................................... 3 3 3 3 3Secondary rays bilateral and segmented . Segmented Segmented Segmented Segmented SegmentedOne supramaxilla . . . . . . None None None None NoneInfraorbital shelf on third bone Third Third Third Third ThirdSmooth upper edges on infraorbitals . Smooth Smooth Smooth Smooth SmoothSerrated preopercular edge. Serrated Serrated Serrated Serrated SerratedSmooth preopercular ridge . Smooth Smooth Smooth Smooth SmoothBasisphenoid present Parasphenoid separated from . Present Present
Present Present Present
pterosphenoid by prootic Teeth in Villiform bands on— . Separated Separated
Separated Separated Separated
Premaxilla . . . . . . . Present 1 row Present Present to 1 row 1 row— some canine
D e n ta r y ............................................. . Present 1 row Present Present to 1 row 1 row— some canine
V o m e r ............................................ . Present 1 row or none Present Present to 1 row 1-2 rows
1 row
P a la t in e ............................................. Present to none None Present 1 rowE c to p te ry g o id ................................ None None None None NoneFive upper pharyngeal tooth patches . 4 4 4 4 4Suspensory pharyngeal present . Present Present Present Present PresentSutured ceratohyal—epihyal junction . Absent Absent Absent Absent AbsentCeratohyal no tched ................................ Notched Notched Notched Notched NotchedTwo extrascapulars . . . . . 1 1 1 1 1Two p o s t c l e i t h r a ................................ 2 2 2 2 2Lateral line c o m p le te ......................... Complete Incomplete Complete Complete CompleteCtenoid s c a l e s ......................................
(Unsure of primitiveness of the following states)
Ctenoid Ctenoid Ctenoid Ctenoid Cycloid toweaklyctenoid
Number of soft dorsal rays . 9 9 9 9 9Number of soft anal rays . . . . 8 8 8 8- 9 9Shape of caudal f i n ................................ Forked Forked Forked Forked to rounded Forked
Number of formed gillrakers 9-19 24-6 9-10 10-27 13-14Bioluminous o rg an s ................................ • --- — — Occurs in some species —
Posttemporal . . . . . Smooth or weakly serrated Smooth Serrated Smooth or weakly serrated
Smooth
Position of intercalary facet On otic bulla On otic bulla On otic bulla On otic bulla On otic bulla
PR IM ITIV E APOGONID STATE (PRISTIAPOGON) (PRISTICON) (YARICA) (ZAPOGON) (ZORAMIA)
Nine dorsal spines (total) . Two dorsal spines on first 8 7
7 7 7
pterygiophore...................................... 2 1 1 1 1Three predorsals...................................... 3 3 3 2 3Ten epipleural r i b s ................................ 8 9 9 8 7-8Two autogenous haemal spines 2 2 2 2 2Free p a r h y p u r a l ................................ Free Free Free Free FreeFive free h y p u r a l s ................................ 5 5 5 5 5Two pairs of uroneurals . . . . None 1 1 1 1Three e p u r a l s ...................................... 3 3 3 3 3Secondary rays bilateral and segmented . Segmented Segmented Segmented Segmented SegmentedOne s u p ra m a x il la ................................ None None 1 (large) None NoneInfraorbital shelf on third bone Third Third Third Third AbsentSmooth upper edges on infraorbitals . . Serrated Serrated Smooth Smooth SmoothSerrated preopercular edge. . Serrated Serrated Serrated Serrated SerratedSmooth preopercular ridge Serrated Serrated Smooth Smooth SmoothBasisphenoid p r e s e n t .........................Parasphenoid separated from Present
Present Present Present Present
pterosphenoid by prootic Teeth in Villiform bands on— . Separated
Separated Separated Separated Separated
P r e m a x i l la ...................................... Present Present Present Present 1-2 rowsD e n ta r y ............................................ Present Present Present Present 1-2 rowsVomer . . . . . . . . . 1 r ow Present Present Present 1 rowP a la t in e ............................................ . 1 row or none Present Present Present 1 rowE c to p te ry g o id ................................ None None None None NoneFive upper pharyngeal tooth patches . 4 4 4 4 4Suspensory pharyngeal present Present Present Present Present PresentSutured ceratohyal—epihyal junction . Absent Absent Absent Absent Absent
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T A B L E  5 (continued)
PR IM ITIV E APOGONID STATE (PRISTIAPOGON) (PRISTICON) (YARICA) (.ZAPOGON) (ZORAMIA)
Ceratohyal no tched ................................ Notched Notched Notched Smooth NotchedTwo extrascapulars................................ 1 1 1 1 1Two p o s t c l e i t h r a ................................ 2 2 2 2 2Lateral line c o m p le te .......................... . Complete Complete Complete Complete CompleteCtenoid s c a l e s ...................................... Ctenoid Ctenoid Ctenoid Ctenoid Ctenoid(Unsure of primitiveness of the following states)Number of soft dorsal rays . . . . 9 9 9 9 9Number of soft anal rays . . . . 8 8 8 8 9Shape of caudal f i n ................................ Forked Truncated Forked ForkedNumber of formed gillrakers . 11-14 15 8 15-17 24-32Bioluminous o rg an s ................................ — — —P o s t t e m p o r a l ...................................... Smooth or Weakly Smooth Smooth Smoothweakly serratedserrated
Position of intercalary facet On otic bulla On otic bulla Not on otic On otic bulla On otic bullabulla
PR IM ITIV E APOGONID STATE (RHAB- ( VERULUX) (BENTUVIA- PSEUD- PSEUD- GYM-DAMIA) ICH TH YS) AM IA AMIOPS NAPOGON
Nine dorsal spines (total) . . . .  Two dorsal spines on first 7 7
8 7 7 7
p te ry g io p h o re ................................ 1 1 2 1 10-2
1
Three p r e d o rs a ls ................................ 2 1 2 1-2 0Ten epipleural r i b s .......................... 7 5-6 7 7 2 6Two autogenous haemal spines . None None None None None One or noneFree p a r h y p u r a l ................................ Free Free Free Free Free FusedFive free h y p u ra ls ................................ 2 (plate 2 (plate 2 (plate 4 4 (lower 3 (upperfused to fused to fused to plate fused plate fusedcentrum) centrum) centrum) to centrum) to centrum)
Two pairs or uroneurals . . . . None None 1 (reduced) 1 (reduced) None NoneThree e p u r a l s ......................................Secondary rays bilateral and 3 2
3 2 2 2
s e g m e n te d ...................................... Segmented Segmented Segmented Segmented Segmented SegmentedOne supram axilla ................................ None None None None None NoneInfraorbital shelf on third bone . Third(reduced) Absent Absent
Absent Absent Third
Smooth upper edges onin frao rb itals ...................................... Smooth Smooth Smooth Smooth Smooth SmoothSerrated preopercular edge Smooth Smooth Smooth Smooth Smooth One large spine
Smooth preopercular ridge Smooth Smooth Smooth Smooth Smooth SmoothBasisphenoid p r e s e n t ..........................Parasphenoid separated from Present
Present Absent Absent Absent Absent
pterosphenoid by prootic Separated Separated Separated Not Not Notseparated separated separated
Teeth in Villiform bands on—P rem ax illa ...................................... 1 row 1 row 1—2 rows 1-3 rows 1—3 rows 1—2 rowssome canine some canine some canine some canine
D e n t a r y ...................................... 1 row 1 row 1 row 1-3 rows 1-3 rows 1-2 rowssome canine some canine some canine
V o m e r ............................................ 1 row 1 row 1 row 1 row 1 row or 1 1 row or 1large canine large canine
P a l a t i n e ...................................... 1 row or 1 row or 1 row 1 row 1 row 1 rownone none
E ctop te ry go id ................................Five upper pharyngeal tooth None
None None 1 row 1 row None
p a t c h e s ............................................ 4 4 4 4 4 5Suspensory pharyngeal present . Present Present Present Present Present Present butpoorlyossified
Sutured ceratohyal—epihyalju n c t io n ................................ Absent Absent Absent Absent Absent AbsentCeratohyal notched . . Notched Notched Notched Notched Smooth NotchedTwo extrascapulars . . 1 1 1 2 1 1Two postcleithra . . . . . . 2 2 2 2 2 1Lateral line complete . . . Complete Complete Complete Incomplete Absent NoneCtenoid s c a le s ..........................
(Unsure of primitiveness of the following states)
Cycloid orweaklyctenoid
Cycloid orweaklyctenoid
Cycloid orweaklyctenoid
Cycloid Cycloid None
Number of soft dorsal rays . . 9 9 10-11 8-9 7-9 9-10Number of soft anal rays . . . 12-13 9 10-11 8-9 8-9 8-10Shape of caudal fin . . Forked Forked Forked Rounded Rounded ForkedNumber of formed gillrakers . . . 24-31 12-15 17-18 8-12 7-8 10-12Bioluminous organs — Occurs — — — —P o s tte m p o ra l......................... Smooth Smooth Smooth Smooth SmoothPosition of intercalary facet . . . On otic bulla On otic bulla On otic bulla Not on otic bulla
Not on otic bulla Not on otic bulla
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TABLE 6
A partial list of fossil apogonid fishes.
PLIO CEN E
Apogon lozanoi Bauza, 1963
Apogon spicatus Stinton, 1962
Otolithus (Apogon) minimus Pieragnoli, 1919
M IO C EN E
Apogon banaticus Weiler, 1950 
Apogon imbreroides Weinfurter, 1952 
Apogon krambergeri Bassani, 1889 
Apogon transylvanicus Pauca, 1935 
Arambourgia cottreaui (Arambrourg, 1927) originally 
in the genus Apogonoides Aram brourg, 1927 
preoccupied by Apogonoides Bleeker, 1849
EOCENE
Apogon bellovacinus Stinton, 1957 
Apogon macrolepis Storms, 1898 
Otolithus (Apogon) eocenicus Frost, 1934 
Otolithus (Apogon) tuberculatus Frost, 1934
(Listed as Tertiary)
Apogon glaber Stinton, 1966
Otolithus (Apogoninarum) frosti V orstman, 1927
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The positions of the oval on the swimbladder in the Apogonidae.
A. Diagram matic swimbladder of Cheilodipterus macrodon in dorsal view.
B. Posterodorsal position of the oval in Florenciella lugubris, Epigonus 
pandionus and E. telescopus. C., D. and E. Anterodorsal positions of 
the oval in the Apogoninae and Pseudaminae.
c -  circular muscles, g -  gas gland, o -  oval, r -  retia mirabilia.
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Plate 2.
D iagram s o f the a rrang em en t o f the com posite bundles o f re tia  m irab ilia  an d  gas glands
found in E pigo n u s pan d io n u s  (A), E . telescopus (B) an d  F loren cie lla  lu gu bris (C).
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P late 3.
Diagrams of some arrangements of the composite bundles of retia mirabilia and gas glands found in the Apogoninae and Pseudaminae.
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Some caudal skeletons of the Apogonidae.
A. The type found in Epigonus pandionus, E. telescopus and Florenciella 
lugubris — E. pandionus (SL 57.3) illustrated. B. Glossamia aprion (45.4).
C. Apogonichthys perdix (36.0). D. Foa brachy gramma (31.6). E. Fowleria 
isostigma (51.8). F. N eamia octospina (31.0).
ct -  te rm inal cen trum  (first u ra l cen tru m ), e -  epu ra l, h  -  hypu ra l,
hs -  h aem al spine, ns -  n eu ra l spine, ph  -  p a rh y p u ra l, p u  -  p re-u ra l
cen trum , u  -  u roneural. Scale =  1.0 m m .
P late 4.
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+3
+4
P late 5.
Some caudal skeletons of the Apogonidae (cont.).
A. Vincentia novaehollandiae (SL 41.3). B. Astrapogon alutus (46.8). 
C . Siphamia cephalotes (29.9). D. Siphamia sp. (17.9). E. Cheilodipterus 
quinquelineatus (39.0). F. Apogon aureus (81.3).
et — term inal cen trum  (first u ra l cen tru m ), e — epural, h  — hypura l,
hs — haem al spine, ns — n eu ra l spine, p h  -  p a rh y p u ra l, p u  — p re-u ra l
cen trum , u  -  u roneu ra l. Scale =  1.0 m m .
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P late 6.
Some caudal skeletons of the Apogonidae (cont.).
A. Apogon imberbis (SL 62.3). B. Phaeoptyx pigmentaria (53.1). C. 
Archamia lineolata (53.5). D. Sphaeramia orbicularis (49.2). E. Rhabdamia 
nigrimentum (48.8). F. Rhabdamia gracilis (36.7).
et -  te rm inal cen trum  (first u ra l cen tru m ), e -  epural, h  -  hypu ra l,
hs -  haem al spine, ns -  n eu ra l spine, p h  -  p a rh y p u ra l, p u  -  p re-u ra l
cen trum , u  -  u roneu ral. Scale =  1.0 m m .
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Plate 7.
Some caudal skeletons of the Apogonidae (cont.).
A. Rhabdamia cypselurus (SL 32.9). B. Pseudamia amblyuropterus (48.0). 
C. Pseudamiops pellucidus (30.5). D. Gymnapogon annona (43.5).
ct -  terminal centrum (first ural centrum ), e -  epural, h — hypural, 
hs -  haemal spine, ns -  neural spine, ph — parhypural, pu — pre-ural 
centrum , u -  uroneural. Scale =  1.0 mm.
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7P late 8.
The reduction and loss of the eighth dorsal spine and its associated elements. 
A. Neamia octospina (SL 31.0). B. Sphaeramia orbicularis (49.2). C . 
Apogon savayensis (60.1). D. Apogon ellioti (69.9). E. Foa brachygramma 
(31.6). F. Apogon imberbis (62.3).
d — distal p terygiophore, n  -  n eu ra l spine, p  -  p rox im al p terygiophore,
s -  spine.
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P late 9.
The reduction and loss of the eighth dorsal spine and its associated elements (cont.). 
A. Psuedamia amblyuropterus (SL 48.0). B. Gymnapogon annona (43.5).
C. Pseudamiops pellucidus (30.5). Spines associated with the first dorsal 
pterygiophore. D. Two spines. E. One spine.
n -  n eu ra l spine, p  -  prox im al p terygiophore, s -  spine.
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P late 10.
Some predorsals of the Apogonidae.
A. Glossamia aprion (SL 43.5). B. Neamia octospina (31.0). C. Apogo- 
nichthys perdix (36.0). D. Fowleria isostigma (51.8). E. Vincentia 
novaehollandiae (41.3). F. Foa brachygramma (31.0). G. Siphamia roseigaster 
(59.6). H. Siphamia sp. (17.9).
n -  n eu ra l spine, p  — predorsal, p t  — first p rox im al p terygiophore,
s -  supraoccipital.
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P late 11.
Some predorsals of the Apogonidae (cont.).
A. Astrapogon alutus (SL 46.8). B. Cheilodipterus quinquelineatus (39.0). 
C . Cheilodipterus truncatus (118.7). D. Apogon ellioti (69.9). E. Apogon 
imberbis (62.3). F. Phaeoptyx pigmentaria (53.1). G. Archamia lineolata
(53.5). H. Sphaeramia orbicularis (49.2).
n -  neural spine, p -  predorsal, p t -  first proximal pterygiophore, 
s -  supraoccipital.
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P late 12.
Some predorsals of the Apogonidae (cont.).
A. Rhabdamia gracilis (SL 36.7). B. Rhabdamia cypselurus (32.9). C. 
Pseudamia polystigma (56.3). D. Pseudamiops gracilicauda (26.5). E. 
Pseudamiops gracilicauda (23.3). F. Pseudamia amblyuropterus (48.0). 
G. Pseudamiops pellucidus (30.5). H. Gymnapogon annona (43.5).
n -  n eu ra l spine, p -  predorsal, p t -  first prox im al p terygiophore, s -
supraoccipital.
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C 1 2
A. Types of extrascapulars in the Apogonidae. Epigonus (1), Siphamia 
roseigaster (2), Pseudamia polystigma (3) and most other Apogoninae and 
Pseudaminae (4).
le -  lateral extrascapular, me -  medial extrascapular.
B. Types of posttemporals in the Epigoninae, Pseudaminae and most 
Apogoninae (1), Archamia, Sphaeramia, some Apogon and some Cheilo- 
dipterus (2), and Coranthus (3) showing only the posterior edge. C. 
Types of postcleithra in the Epigoninae and Apogoninae (1), Pseu- 
damiops (2) and Gymnopogon (3).
1 -  lower postcleithrum, u -  upper postcleithrum.
3
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2P late 14.
1. Shape and relative size of the supramaxilla in some Apogonidae. 
A. Glossamia aprion (SL 45.4). B. Apogonichthys perdix (36.0). C. Foa 
brachygramma (31.6). D. Fowleria isostigma (51.8). E. Neamia octospina
(31.0). F. Cheilodipterus quinquelineatus (39.0). G. Cheilodipterus 
truncatus (118.7). H. Most other genera. Scale =  1.0 mm.
2. The supramaxillae in some beryciform (A and B) and percoid (C) 
fishes which indicate that the anterior supramaxilla of beryciform 
fishes is lost in the percoid transition.
as -  anterior supramaxilla, ps -  posterior supramaxilla.
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The lower jaw  bones of some Apogonidae.
A. Glossamia aprion (SL 45.4). B. Apogonichthys perdix (36.0). C. Foa 
brachygramma (31.6). D. Fowleria isostigma (51.8). E. Neamia octospina
(31.0). F. Astrapogon alutus (46.8). G. Vincentia novaehollandiae (41.3). 
H. Siphamia sp. (17.9). I. Apogon imberbis (62.3). J . Phaeoptyx conklini
(48.5).
a -  angular, d -  dentary, r -  retro-articular.
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A B
The lower jaw  bones of some Apogonidae (cont.).
A. Archamia lineolata (SL 53.5). B. Sphaeramia orbicularis (49.2). C. 
Cheilodipterus quinquelineatus (39.0). D. Cheilodipterus truncatus (118.7). 
E. Apogon affinis (45.4). F. Rhabdamia gracilis (36.7). G. Rhabdamia 
cypselurus (32.9). H. Pseudamiops pellucidus (30.5). I. Pseudamia 
amblyuropterus (48.0). J . Gymnapogon annona (43.5).
a -  angular, d -  dentary, r -  retro-articular.
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P late 17.
The hyal apparatus of some Apogonidae.
A. Epigoninae and Glossamia aprion (SL 45.4). B. Most Apogoninae 
including Apogon, Archamia, Cheilodipterus, Foa, Neamia, Phaeoptyx and 
Sphaeramia. C. Astrapogon alutus (46.8). D. Fowleria isostigma (51.8). 
E. Vincentia novaehollandiae (41.3). F. Apogonichthys perdix (36.3).
b -  branchiostegals, c — ceratohyal, e — epihyal, h — hypohyals, i -  
interhyal, m -  mesial view showing the presence or absence of a suture.
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The hyal apparatus of some Apogonidae (cont.).
A. Rhabdamia gracilis (SL 36.7). B. Siphamia sp. (17.9). C  Pseudamia 
amblyuropterus (48.0). D. Pseudamiops pellucidus (30.5). E. Pseudamiops 
gracilicauda (26.5). F. Gymnapogon annona (43.5).
b -  branchiostegals, c -  ceratohyal, e — epihyal, h -  hypohyals, i -  
interhyal.
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Plate 19.
The upper bones of the branchial basket in some Apogonidae.
A. Glossamia aprion (SL 45.4). B. Sphaeramia orbicularis (49.2). C. 
Gymnapogon annona (43.5). D. Astrapogon alutus (46.8). E. Fowleria 
isostigma (51.8). F. Apogonichthys perdix (36.0).
e -  epibranchial, p -  pharyngiobranchial, sp -  suspensory pharyngeal.
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Infraorbital bones os some Apogonidae.
A. Glossamia aprion (SL 45.4). B. Apogon exostigma (70.0). C. Gymna- 
pogon annona (43.5). D. Fowleria isostigma (51.8). E. Rhabdamia 
gracilis (36.7). F. Rhabdamia cypselurus (32.9). G. Sphaeramia orbicularis 
(49.2). H. Pseudamia amblyuropterus (48.0). I. Pseudamiops gracilicauda
(26.5). The third infraorbitals and others are also shown in dorsal view 
to show shelf development.
s -  shelf, 1 -  first infraorbital or lachrymal, 6 — sixth infraorbital or 
dermosphenotic.
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The preopercles of some Apogonidae.
A . Glossamia aprion (SL 45.4). B. Apogonichthysperdix (36.0). C.Fowleria 
isostigma (51.8). D.N eamia octospina (31.0). E. Foa brachygramma 
(31.6). F. Astrapogon alatus (46.8). G. Vincentia novaehollandiae (41.3). 
H. Siphamia sp. (17.9). I. Cheilodipterus quinquelineatus (39.0).
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The preopercles of some Apogonidae (cont.).
A. Apogon imberbis (SL 62.3). B. Apogon exostigma (70.0). C. Phaeoptyx 
pigmentaria (53.1). D. Archamia lineolata (53.5). E. Sphaeramia orbicu­
laris (49.2). F. Rhabdamia gracilis (36.7). G. Pseudamia amblyuropterus
(48.0). H. Pseudamiops pellucidus (30.5). I. Gymnapogon annona (43.5).
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A. Types of opercular Spination in the Apogonidae. Epigonus (1), 
Florenciella (2), and all Apogoninae and Pseudaminae (3).
B. The relationship between the position of the intercalary facet for 
the lower fork of the posttemporal and the inflated otic bulla. Not 
included on otic bulla (1). Included on otic bulla (2). Also note extent 
of intercalar on otic bulla in 2.
b — basioccipital, e -  exoccipital, i — intercalar, po — prootic, p tr -  
pterotic, p tt -  posttemporal, s -  supracleithrum, lined area not ossified.
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Names of the bones found in the neurocranium  of the skulls of apogonid fishes. Only the basisphenoid 
(bs) is reduced or absent in some genera.
Paired bones: le -  lateral ethmoids, f  -  frontals, sp -  sphenotics, 
pt — pterotics, pa -  parietals, ep -  epiotics, ex -  exoccipitals, i -  inter- 
calars, pr -  prootics, ps -  pterosphenoids. U npaired bones: v -  vomer, 
et -  ethmoid, pas -  parasphenoid, bs -  basisphenoid, bo -  basioccipital, 
so -  supraoccipital.
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APlate 25.
The basisphenoid, a canted view from the left anterolateral side in the Apogonidae. 
A. Present and well developed. B. Reduced with the loss of the belo- 
phram . C. Absent with the loss of the meningost.
b -  basisphenoid (belophram portion), m -  basisphenoid (meningost 
portion), pa -  parasphenoid, po -  prootic, pt -  pterosphenoid.
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P late 26.
T h e dorsal an d  la tera l view o f the neu rocran ium  of G lo ssam ia  aprion  (SL 45.4).
Scale =  1.0 m m .
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P late 27.
T h e dorsal an d  la tera l view of the neu rocran ium  of A pogon ich th ys p e rd ix  (SL 36.0)
Scale =  1.0 m m .
82
Plate 28.
T h e dorsal and  la tera l view of the neu rocran ium  of F oa  brachygram m a  (SL 31.6).
Scale =  1.0 m m .
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P late 29.
T h e dorsal an d  la tera l view o f the neu rocran ium  of F o w ler ia  iso s tig m a  (SL 51.8).
Scale =  1.0 m m .
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P late 30.
T h e dorsal and  la tera l view of the neu rocran ium  of N eam ia  octospina  (SL 31.0).
Scale — 1.0 m m .
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Plate 31.
T h e dorsal an d  la te ra l view o f the neu rocran ium  of V incentia  novaehollandiae (SL 41.3).
Scale =  1.0 m m .
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Plate 32.
T h e  dorsal an d  la tera l view of the neu rocran ium  of A stra po g on  a lu tu s (SL 46.8).
Scale =  1.0 m m .
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Plate 33.
T h e dorsal and  la tera l view o f the neu rocran ium  of S ip h a m ia  sp. (SL 17.9).
Scale =  1.0 m m .
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P late 34.
T he dorsal an d  la tera l view of the neu rocran ium  of C h eilod ip teru s quinquelineatus (SL 39.0).
Scale =  1.0 m m .
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Plate 35.
T h e dorsal an d  la te ra l view o f the neurocran ium  o f A pogon  im b erb is  (SL 62.3).
Scale =  1.0 m m .
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P late 36.
T h e  dorsal an d  la te ra l view o f the neu rocran ium  o f P h a eop tyx  p ig m en ta ria  (SL 53.1).
Scale =  1.0 m m .
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P late 37.
T h e dorsal and  la tera l view o f the neu rocran ium  of A rch am ia  lin eo la ta  (SL 53.5).
Scale =  1.0 m m .
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P late 38.
T h e dorsal an d  la tera l view o f the neu rocran ium  of S ph aeram ia  orb icu laris (SL 49.2).
Scale =  1.0 m m .
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P late 39.
T h e  dorsal and  la tera l view o f the neu rocran ium  of R h a b d a m ia  g ra c ilis  (SL 36.7).
Scale =  1.0 m m .
94
P late 40.
T h e  dorsal an d  la tera l view o f the neu ro cran iu m  of P seu d a m ia  am blyuropterus (SL 48.0).
Scale =  1.0 m m .
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Plate 41.
T h e  dorsal an d  la tera l view o f the neu rocran ium  of P seu d a m io ps p e llu c id u s  (SL 30.5).
Scale =  1.0 m m .
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P late 42.
T h e dorsal an d  la te ra l view o f the neu rocran ium  of G ym napogon annona (SL 43.5).
Scale =  1.0 m m .
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Ep igoninae Apogoninae Pseudaminae
Percoid Stock
P late 43.
A diagram  of a possible evolutionary sequence and relationships of the sub­
families in the Apogonidae.
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Apogonine Stock
Astrapogon 
S i p h a m i a 
Vincentia 
Fowler ia 
Foa
Apogonichthys
Neamia
G loss amia
C oranthus
Cheilodipterus
Apogon
Phaeoptyx
Archamia
Sphae r amia 
Pterapogon 
Rhabd amia
A diagram  of a possible evolutionary sequence and relationships of the genera in the Apogoninae.
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INDEX
(New names and first page of principal references in bold face—exclusive of comparative
m aterial on page 47)
Acanthapogon, 32 
vanderbilti, 32 
Acropoma, 41-2 
Adenapogon, 14 
woodi, 14 
affinis, 14, 17, 19 
africanus, 32 
albomarginatus, 18 
alutus, 13 
Ambassis, 16 
amblyuropterus, 30 
amboinensis, 18 
americanus, 18 
Amia, 17 
conklini, 24 
kalosoma, 17 
parvula, 17 
percaeformis, 17 
uninotatus, 17 
angustatus, 18 
anisolepsis, 19 
annona, 31-2
Apogon, 3, 6, 8-13, 16, 17, 18, 20, 24-6, 
39, 40, 42 
affinis, 14, 17, 19 
albomarginatus, 18 
amboinensis, 18 
americanus, 18 
angustatus, 18 
anisolepsis, 19 
apogonides, 18 
aprion, 8 
aroubiensis, 18 
astradorsatus (sic), 41, 42 
atradorsatus, 5, 18, 42 
aureus, 18, 24 
auritus, 11 
aurolineatus, 18 
b an a ticu s , 55 
bandanensis, 18, 24 
bellovacinus, 55 
binotatus, 18 
bleekeri, 25 
campbelli, 18 
carinatus, 18 
chrysopomus, 18 
compressus, 18, 21 
cooki, 18 
cyanosoma, 18 
darnleyensis, 18 
doederleini, 18 
doryssa, 18 
dovii, 18, 20 
ellioti, 15, 18-9 
endekataenia, 18 
eocenicus, 55 
erythrinus, 18 
evermanni, 19, 23 
exostigma, 19 
fasciatus, 5, 18 
flagelliferus, 18 
fraenatus, 17, 19 
fragilis, 19
Apogon, (cont.) 
fraxineus, 18 
fuscus, 17, 24 
g la b e r , 55 
graffei, 17, 19 
griffini, 18 
hartzfeldi, 5, 18 
hyalosoma, 9, 17, 19, 23 
hypselonotus, 19 
imberbis, 2, 18-9, 40 
im bero ides, 55 
kiensis, 18 
k ram bergeri, 55 
lachneri, 18 
lateralis, 18
leptacanthus, 19, 23, 26 
lo zan o i, 55 m acro lep is, 55 
maculatus, 18 
maculiferus, 18 
margaritophorus, 18, 21 
melas, 18
29, 34, 36, menesemus, 19
m in im u s, 55 
moluccensis, 18 
monochrous, 18 
multilineatus, 18 
multitaeniatus, 18 
mydrus, 18 
nem atoptera, 26 
niger, 18 
nigripes, 18 
nigrocinctus, 18 
nitidus, 18 
noorzeiki, 18 
notatus, 19 
nubilus, 19 
opercularis, 19 
pacificus, 18 
parvulus, 18 
pillionatus, 18 
planifrons, 18 
pseudomaculatus, 18 
quadrifasciatus, 19 
quadrisquam atus, 18, 20 
queketti, 19, 21 
retrosella, 18 
robinsi, 18 
roseigaster, 14 
rubellus, 19 
ruber, 17 
rueppelli, 19, 21 
sangiensis, 19 
savayensis, 17, 19 
schlegeli, 19 
sealei, 19 
semilineatus, 19 
semiornatus, 18 
snyderi, 19 
sp ica tu s , 55 
stellatus, 13 
striatus, 19 
taeniatus, 19
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Apogon, (cont.) 
talboti, 19 
torresiensis, 17 
townsendi, 18 
transylvanicus, 55 
trimaculatus, 19, 22 
tu bercu la tu s, 55 
unicolor, 19 
uninotatus, 19 
A pogoninarum , 55 
fro s ti, 55
Apogonichthyoides, 17 
Apogonichthys, 6, 7, 9, 11-3, 38-9 
gracilis, 27 
ocellatus, 9-10, 35 
perdix, 3, 9-10 
waikiki, 9-10
APO GO NIDAE, 1-3, 24, 29, 32-9, 41-2 
apogonides, 18
A PO GO NINAE, 1-3, 6 , 9, 12-5, 17, 26, 29-33, 
35-9, 40-1 
Apogonoides, 5 
macassariensis, 5 
A pogonoides, 55 
Apogonops, 42 
aprion, 8, 35 
A ram bo urg ia , 55 
c o ttre a u i, 55Archamia, 3, 6, 8, 15, 23, 25, 29, 39, 40 
biguttata, 25 
buruensis, 25 
dispilus, 25 
fucata, 25 lineolata, 25 
melasma, 25 
mozambiquensis, 25 
zosterophora, 25 
argentea, 14 
aroubiensis, 18 
Asperapogon, 18 
rubellus, 18 
Aspicus, 17 
Aspro, 16
astradorsatus (sic), 41-2 
Astrapogon, 3, 6-7, 10, 13, 24-5, 38-40 
alutus, 13 
puncticulatus, 13 
stellatus, 13 
Astropyga, 14 
atradorsatus, 5, 18, 42 
Atrina, 13 
aureus, 18, 24 
aurita, 11 
auritus, 11 
aurolineatus, 18 
Australaphia, 31 
annona, 31 
b an a ticu s , 55 
bandanensis, 18, 24 
BATHYGLUPEIDAE, 30 
Bathysphyraenops, 41 
beauforti, 9 
bellovacinus, 55
Bentuviaichthys, 6-7, 27-8, 29, 36, 39 
nigrimentum, 27-9 
Beryx, 36 
biguttata, 25 
binotatus, 18
bipunctatus, 16 
blanchardi, 8-9 
bleekeri, 25 
BLENNIIDAE, 38 
brachygram ma, 5, 10 
Brephamia, 6, 8, 17—8, 20, 39 
Brephostoma, 42 
Brinkmanella, 42 
buruensis, 25 
campbelli, 18 
CARANGIDAE, 2, 35 
carinatus, 18
C EN TR A R CHIDAE, 2, 30, 33-5, 37 
CEN TR O PO M ID A E, 30, 35-6, 41-2 
Centropomus, 36, 42 
cephalotes, 14
C H E IL O D IPT E R IN A E, 1, (17) 
Cheilodipterops, 16 
isostigma, 16
Cheilodipterus, 6, 8, 16, 23-4, 30, 38-9 
affinis, 17 
bipunctatus, 16 
isostigma, 16 
lachneri, 16 
lineatus, 16 
macrodon, 16 
nigrotaeniatus, 16 
polyacanthus, 15 
polystigma, 30 
quinquelineatus, 16 
singapurensis, 3, 15-6 
truncatus, 3, 16 
zonatus, 16 
Chilodipterus, 16 
chrysopomus, 18 
Clodipterus, 16 
clupeiformis, 27-8 
coccoi, 5
compressus, 18, 21 
conklini, 24-5 
consperus, 12 
cooki, 18
Coranthus, 3, 6-7, 15, 17, 33, 36, 38-9 
polyacanthus, 15 
co ttre a u i, 55 cyanosoma, 18 
cypselurus, 28 
darnleyensis, 18 
Desmoamia, 16 
Diadema, 14 
Dinolestes, 17, 41-2 
D IN O LESTID A E, 41 
Dipterodon, 17, 23-4 
hexacanthus, 17 
dispilus, 25 
doederleini, 18 
doryssa, 18 
dovii, 18, 20 
Elassoma, 33 
ellioti, 15, 18-9 
elongata, 14 
endekataenia, 18 
eocenicus, 55
EPIG O N IN A E, 1-3, 5-6, 15, 33, 36-9, 41-2 
Epigonus, 5-6, 36 
robustus, 41 
erythrinus, 18 
Erythrobussothen, 41
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evermanni, 19, 23 
exostigma, 19 
fasciatus, 5, 17-8 
fistulosa, 14 
flagelliferus, 18 
fleurieu, 17, 24 
Florenciella, 6 , 36 
fo, 10
Foa, 6-7, 10, 12, 39 
brachygram ma, 5, 10 
fistulosa, 14 
fo, 10
madagascariensis, 10 
Fodifoa, 14 
foraminosus, 31-2 
Fowleria, 3, 6-7, 10, 11, 12, 
aurita, 11
brachygram ma, 10 
isostigma, 11 
variegata, 11 
fraenatus, 17, 19 
fragilis, 19 
fraxineus, 18 
fro s ti, 55 
fucata, 25 
fuscolineata, 14 
fusca, 8 
fuscus, 17, 24 
gelatinosa, 30 
Gibberichthys, 36 
gilli, 9 
gjellerupi, 9 
g la b e r , 55
Glossamia, 3, 6-8, 23, 34-6, 
aprion, 8, 35 
beauforti, 9 
blanchardi, 9 
fusca, 8 
gilli, 9 
gjellerupi, 9 
heurni, 9 
sandei, 9 
trifasciatus, 9 
winchmanni, 9 
GOBIIDAE, 32 
gracilicauda, 31 
gracilis, 27-8 
graffei, 17, 19 
griffini, 18 
Gronovichthys, 17 
Gulliveria, 8 
fusca, 8
Gymnapogon, 3, 30-1, 37-9 
africanus, 32 
annona, 32 
foraminosus, 32 
gracilicauda, 31 
japonicus, 2, 31-2 
philippinus, 5, 32 
urospilotus, 32 
vanderbilti, 32 
GYM NAPOGONIDAE, 32 
hartzfeldi, 5, 18 
H EN IC IC H T H Y ID A E , 32 
Henicichthys, 31 
foraminosus, 31 
heurni, 9 
hexacanthus, 17
Howella, 41
hyalosom a  9, 17, 19, 23 
hypselonotus, 19 
imberbis, 2, 18-9, 40 
im bero ides, 55 
indicus, 37 
Ioamia, 27 
isostigma, 11, 16 
Jadam ga, 16 
japonicus, 2, 31-2 
Jaydia, 18 
kalosoma, 17 
kauderni, 26-7 
kiensis, 18 
k ram bergeri, 55 
36, 38-9 K U H L IID A E , 35
Kurandapogon, 8 
blanchardi, 8 
K U R T ID A E , 30, 34 
Kurtis, 37 
indicus, 37 
KY PHOSIDAE, 35 
lachneri, 16, 18 
Lachneria, 31 
Lampanyctus, 42 
leucopsarus, 42 
lateralis, 18
Lepidamia, 6, 8, 17-8, 20, 24
leptacanthus, 19, 23, 26
leucopsarus, 42
lineatus, 16
lineolata, 25
Lovamia, 17
38-40 lo zan o i, 55
lunatus, 8 
macassariensis, 5 
macrodon, 16 
Macrolepis, 17 
m acro lep is, 55 m aculata, 17 
maculatus, 18 
maculiferus, 18 
madagascariensis, 10 
majimai, 14
margaritophorous, 18, 21 
Melamphaes, 36 
melas, 18 
melasma, 25 
menesemus, 19 
Microichthys, 5 
coccoi, 5 
m in im u s, 55 
Mionurus, 8 
lunatus, 8 
mirifica, 26-7 
moluccensis, 18 
monochrous, 18 
M O N O D A CTYLIDAE, 35 
Monoprion, 17 
m aculata, 17 
Monosira, 41 
stahli, 41 
mossambica, 14 
mozambiquensis, 25 
Mullus, 17 
fasciatus, 17 
multilineatus, 18
103
multitaeniatus, 18 
M Y CTO PH ID A E, 36 
mydrus, 18 
Myripristis, 36 
Neamia, 6-7, 12, 34, 37, 39 
octospina, 5, 12
Nectamia, 3, 6, 8, 17-8, 21, 23-4, 39-40
nem atoptera, 26
Neoscombrops, 41-2
Neoscopelus, 14
niger, 18
nigrimentum, 5, 27-8 
nigripes, 18 
nigrocinctus, 18 
nigrotaeniatus, 16 
nitidus, 18 
noorzeiki, 18 
notatus, 19 
Notopterus, 36 
novaehollandiae, 12 
nubilus, 19 
ocellatus, 9-10, 35 
octospina, 5, 12 
omiscomaycus, 42 
opercularis, 19 
OPLEG N A TH ID A E, 24 
Oplegnathus, 24 
orbicularis, 26 
Ostorhinchus, 17, 23-4 
fleurieu, 17, 24 
O to lith u s , 55 
eocenicus, 55 f ro s ti, 55 
m in im u s, 55 
tu b ercu la tu s , 55 
Oxyodon, 42 
pacificus, 18 
Papillapogon, 11 
Paramia, 16 
Parasphyraenops, 42 
Paroncheilus, 6, 8, 18-21, 39-40 
stauchi, 17-8 
parvula, 17 
parvulus, 18 
pellucidus, 5, 31, 36 
PE M PH E R ID A E ,30, 34, 37 
percaeformis, 17
PER C IC H TH Y ID A E, 1, 30, 35, 37, 41 
PERCIDA E, 2, 35, 37 
Percopsis, 42
omiscomaycus, 42 
perdix, 3, 9
Phaeoptyx, 3, 6-7, 13, 24, 38-40 
conklini, 24-5 
pigm entaria, 24-5 
xenus, 5, 24-5 
philippinus, 5, 32 
pigm entaria, 24-5 
pillionatus, 18 
planifrons, 18 
Plectrypops, 36 
polyacanthus, 15 
polystigma, 5, 30 
PO M A TO M ID A E, 30 32, 37, 41 
Pomatomus, 32, 41
Pristiapogon, 6, 8, 17, 19, 21-2, 24, 39 
P risticon , 1, 6, 8, 19. 22, 39
Pseudamia, 3, 17, 30-1, 33, 36-9 
amblyuropterus, 30 
gelatinosa, 30 
polystigma, 5, 30
PSEUDAM INAE, 1-3, 5, 15, 29, 35-40 
Pseudamiops, 3, 30-1, 33-7, 39 
gracilicauda, 31 
pellucidus, 5, 31, 36 
pseudomaculatus, 18 
Pterapogon, 3, 6-7, 24, 26 7, 35, 39 
kauderni, 26-7 
mirifica, 27 
puncticulatus, 13 
quadrifasciatus, 19 
quadrisquam atus, 18, 20 
queketti, 19, 21 
Quinca, 3, 6, 26-7 
mirifica, 26 
quinquelineatus, 16 
retrosella, 18
Rhabdam ia, 3, 6-7, 15, 23, 27-8, 34, 36, 38-40 
clupeiformis, 27 
cypselurus, 28 
gracilis, 28 
nigrimentum, 5, 28 
robinsi, 18 
robustus, 41 
roseigaster, 14 
Rosenblattia, 6 
rubellus, 18-9 
ruber, 17 
rueppelli, 19, 21 
sandei, 9 
sangiensis, 19 
savayensis, 17, 19 
schlegeli, 19
SCIAENIDAE, 30, 37, 41-2 
Scombrops, 17, 32, 41 
Scopelapogon, 14 
Scopelengys, 42 
Scopelus, 14 
cephalotes, 14 
sealei, 19 
semilineatus, 19 
semiornatus, 18
SERRANIDAE, 2, 30, 35, 37, 41 
singapurensis, 3, 15-6 
Siphamia, 2-3, 6-7, 14, 34, 38-9 
argentea, 14 
cephalotes, 14 
elongata, 14 
fuscolineata, 14 
majimai, 14 
mossambica, 14 
roseigaster, 14 
tubifer, 14 
versicolor, 14 
woodi, 14 
zaribae, 14
SIPH AM INA E, 1, 15 
snyderi, 19
Sphaeramia, 3, 6, 26-7, 34, 36, 39 
nem atoptera, 26 
orbicularis, 26 
sp ica tu s , 55 
stahli, 41 
stauchi, 17-8 
stellatus, 13
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Stephanoberyx, 36 
striatus, 19 
Strombus, 13 
SYNAGROPINAE, 1, 29 
Synagrops, 17, 29, 41-2 
taeniatus, 19 
talboti, 19 
torresiensis, 17 
townsendi, 18 
transylvanicus, 55 T R IC H O D O N T ID A E , 32 
trifasciatus, 9 
trimaculatus, 19, 22 
truncatus, 3, 16 
tu bercu la tus, 55 
tubifer, 14 
unicolor, 19 
uninotatus, 17, 19 
urospilotus, 32
vanderbilti, 32 
variegata, 11 
versicolor, 14
V e r u lu x ,l, 6-7, 28, 36, 39 
Vincentia, 3, 5-7, 12, 34, 36, 38-40 
conspersus, 12 
novaehollandiae, 12 
waterhousei, 12 
waikiki, 9-10 
waterhousei, 12 
winchmanni, 9 
woodi, 14 
xenus, 5, 24-5
Yarica, 6-8, 17, 19-20, 22-3, 36, 39, 40 
Z apogon. 1, 6, 8, 19, 23, 39, 40 
zaribae, 14 
zonatus, 16
Zoramia, 6, 8, 17, 19-20, 23, 36, 39-40 
zosterophora, 25
V
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